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ART. II. Shewing how. t find the horizontal Parallax of Venus by 
Obſervation, — from thence, .by Analogy, the Parallax and 
Defence of the Sun, and LE all the Planets from him... e 305 | 


Axr. HI. „ln Dr. Halkzr- s Di iſertation on ls Method 
of finding the Sun's Parallax and Diftance from the Earth, 


be Tranſit of Venus over the Sun's Diſc, June the 6th, 1761. 
Tranſlated from the Latin in Motte s Abridgement of the Phi- 
Aren Tranſactias, Vol. I. pag. 243 ; with additional Notes 8 


Axr. IV. Shewing that the whole Method od prope by the Dodo. 
cannot be put in Protfice and by ; ad 


ART: V. Shewing how to projet? the Tranſit of Venus on the dri FE 

- Diſc, as ſeen 755 different Places of the Earth; ſo dt to fin 

what it's vifible Duration muſt be at any given Place, according 

to any aſſumed Parallax of the Sun; Bs 4 from the obſerved Inter- 

vals between the Times 5 Venus Egreſs from the Sun at 1 pant 
e BMW n borizontal pong 


| Aur. VI. Concerning the Map of the Tranft © on e hae 


AxrT. VII. Containing « an Account f Mr. Rane 5 Obſervation SOR 
© of the Tranſit of Venus over the Sun, in the Year 1639 as it ie 
publiſhed in the Annual 1 for * 23 17761 344: 


" Arr. VIII. Containing a ert ee of * Obfervatimns , "4 
the Tranft of Fo. A. D. 176 1200 June 6th, New. Stile ;; an 


the Diftance of the Planets froin: oy, as "deduct om * | 
* Obſervations | 19 ME Fa "349; 
5 1 / 
I 1 | ; 
ASTRO-> 
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wh 247 n 1 20 98 blue, 31 5 Top £33; Y-455!3 au? 3 Y? LS 4 
ali 989 125 e * D 1 ron TRAM. -- 
££M0 12 3367 $1641 'r ry . 2180; 11 15 i 2 : 
ax | Nat for ff wa 513 Hit i Sa? Hh mY R763 Dori 9712 
Si t 18A A 0 N EWT oN Purncieres 
1291 ine” CHAP. 4" 1 68 rants; 
20D 2 ume in ane, „ 
e . 92 IT, e * | 
1. F all the PRAGA cultivated 1 mankin my is ac- The general 
2 knowledged to be, and undoubtedly i is, ere moſt ry fri uſe; of Aſtro. 
T0 the moſt intereſting, and the moſt uſeful. For, 'by know- = 
: - ledge derived from this ſcience,” not only the bulk of the 
Rank Be Uiſeovered, the ſituation and extent of the countries and king- 
doms upon it aſcertained, ''trade ' and commerce carried on to thei 
remoteſt parts of the world, and the various products of ſeveral coun- 
tties diſtributed for the healch, comfort, and conveniency of it's inha- : 
bitants; but our very faculties are enlarged with the grandeur of ke 


ideas it conveys, our minds exalted above the low contrafted prejudices EE, 
of the vulgar, and our underſtandings clearly convinced, and affected 
with the conviction of the exiſtence, wiſdom, power, goodneſs, and 
| 8 of the SUPREME BEING! 80 that without? dg” 


CAA re undevout Abronomer FY nude 001, © ien 


% 


31 N 


2. 138 this branch of knowledge we alſo learn, by what amy 
or, laws the Almighty carries on, and continues the admirable ane 
mony, order, and connexion obſervable throughout the | 
ſyſtem; and are led by very. powerful arguments to form. the ptraſin 
deduction, that minds capable of ſuch deep reſearches. not ho ping, 
Bah: origin from that adorable Being, but are alſo; wann to aſpire 
en Kb 260 * a/ en „ 18 ON Wat 
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k The Farth 3. By Aſtronomy we diſcover that the Earth is at @ great u diſtance © 
| Den Fon tn from the Sun, that if ſeen from thence it would appear no bigger 
gen from than a point; although irs circumference is known to be 25,020 miles. 
Yet that diſtance is ſo fmall, com with the Earth's diſtance from 
the Fixed Stars, dat if the orbit in which the Earth moves round the 
Sun were folid, and ſeen from the neareſt Star, it would likewiſe appear 
ng Ar gger than a point, although it is at leaſt x62 millions of miles in 
. eter. Fot the Earth in going round the Sun is 162 millions of 
miles nearer to ſome of the Stars at one time of the year, than at an- 
other; and yet their apparent magnitudes, ſituations, and diſtances 


. from one another {till remain the ſame ; and a teleſcope which magni- 
| fies above 200 times does not ſeofibly- magnify them: which proves. 
them tobe at leaſt 400 thouſand times farth from us than we are won 
the Sun. 


4. It is not to be nagihea that all the Stars are e placed i in one con- 
cave ſurface, fo as to be equally diſtant from us; but that they are 


bed 


ſcatteted at immenſe diſtances ſtom one another through y 
ee, So. that there may be as great a diſtance between 
| + dts © neighbourin Stars, as between our Sun and thoſe which are. 22 
_—_ to, him, .| Therefore an Qbſerver, who is neareſt, any-ixed Star, will 
1 logk:upog.it alone a5 a tea Sun and conſider the «ft 8.0 man die 
prints, placed at equal diſtances from him in the Firmament. on id 
-c:6 By the help of teleſcopes e diſcever thouſands of Stars which. 
| are inviſib ls, tp, e pe. and the better our glaſſes are, till the 
and innume- more become vilible-: ſo that we can ſet no limits. either to their num 
882 hes os, their;diſtances, . e Hpxoxxs carries his thoughts. 
fo fac, a8 ito. cen Wee ch at there may be Starz. at eg in: 
nge mhle diftances, that their light has not yet reached the Earth img 
ids cteation; although 8 of ligl ht be a million of times 5 
than the velocity of a cannon-bullet, as ſhall be demonſtrated after 
wards, § 197, 220+. and; as. Mr. Appison very juſtly obſerves, this 
thoug ht is far from being extravagant, when we conſider that the 
„ Ef lf Unverde: is the work ef infinite power, prompted by infinite goodneſs ; 
Re having an inf nite Taco to exert mel in; ; ſo that our W en ea 
| | ſet is bounds to it. SCRE c 
why de gun Bez 2260: ThE Sun pense very: bright” and large'i in ; compatifon of the 
appears E. n rs becauſe we keep conſtantly near the Sun, in compariſon 
o ve immends-diſtince'from! the Stars. For, 4 ſpectator, placed as 
Hear | to any Star as ro are tothe * would ſee that Star a body as 
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large and bright as the Sun appears to us: and a ſpectator, as far diſtant 
from the Sun as we are from the Stars, would ſee the Sun as ſmall as 


we ſee a Star, diveſted of all it's circumvolvi 
reckon it one of the Stars in numbering them. 


ng Planets; and would 


F. The Stars, being at ſuch immenſe diſtances from the Sun, cannot The Stars are 
poſſibly receive from him fo ſtrong a light as they ſeem to have; nor 
any brightneſs ſufficient to make them, viſible to us. For the Suns 
rays muſt be ſo ſcattered and diſſipated before they reach ſuch remote 
objects, that they can never be tranſmitted back to our eyes, ſo as to 
render theſe objects viſible by reflexion. The Stars therefore ſhine 
with their own native and unborrowed luſtre, as the Sun does; and 
ſince each particular Star, - as well as the Sun, is confined to a particular 
portion of ſpace, it is plain that the Stars are of the ſame nature with 


the Sun. | 


8. It is no ways probable that the Almighty, who always acts with 
infinite wiſdom and does nothing in vain, ſhould create ſo many glorious 
Suns, fit for ſo many important purpoſes, and place them at ſuch diſtances 
from one another, without proper objects near enough to be benefited 
by their influences. Whoever imagines 4licy were created only to give They are pro- 
a faint, glimmering light to the inhabitants of - this Globe, muſt have a 
very ſuperficial 1 of Aſtronomy, and a mean opinion of the 


Divine Wiſdom: ſince, 


y an infinitely leſs exertion of creating power, 


not enlight- 
ened by the 


Sun. 


bably ſur- 
rounded by 
Planets. 


the Deity could have given'our Earth much, more light by-one ſingle 


additional Moon. 


E: FT. 3 MAT TS? Yo 2 CIOTIEL „ ö 
9. Inftead then of one Sun and one World only in the Univerſe, as 
the unſkilful in Aſtronomy imagine, that Science di 


from the ſea-ſhore. The 


concluded that all the reſt are 


10. From what we know of our 


ſpace they poſleſs: be 
ſmall, that it would ſcarce be a ſenſible blank in the 


""W 3 


of all the 8 


= to us ſuch an 
inconceivable number of Suns, Syſtems, and Worlds, difperſed through 
boundleſs Space, that if our Sun, with all the Planets, Moons, and 
Comets belonging to it, were annihilated, they would be'no more miſled, 
by an eye that could take in the whole Creation, than a grain of ſand 


wh, Surv ore o 


niverſe, although 

Saturn, the outermoſt of our Planets, revolves about the Sun in an Orbit 
of 4884 millions of miles in circumference, and fome of our Comets 
make excurſions upwards of ten thouſand millions of miles beyond 
- Saturn's Orbit; and yet, at that amazing diſtance, they are incomparabl 
nearer to the Sun than to any of the Stars; as is evident from their 
keeping clear of the attractive power 
periodically by virtue of the Sun's attraction; 


2 6 * d * * 1 
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own Syſtem, it may be reaſonably The ftellar 

with equal wiſdom contrived, ſituated, Plan 
and 


ets may 
abitable. 


As our Solar 


Planets are. 


The fartheſt 
from the Sun en 


have moſt 


Moons to en- 


lighten their fevolves about the Earth.” 
broad 


nights. 


Our Moon 
mountainous 


| LketheEarth. 


Globes, capable of ſupporting animals and vegetables. 


11 axes like that of our Earth, cauſing an alternate return of day 


temoter Planets ha 


Of Aftronomy. in "GY 


and provided with' accommodations for rational inhabitants. Let us 
therefore take à ſurvey of the Syſtem to which we belong; the only 
one acceſſible to us; and from thence we fhall be the better enabled 
to judge of the nature and end of the other Syſtems of the Univerſe. 


For although there is almoſt an infinite variety in the parts of the Crea- 
tion which dye have o 
analogy 
one deſign, one whole 


ities of examining, yet there is a generat 
running * ps and en all gl + type into one ſcheme, 
11. And chen, to an attentive conſiderer, It will PPE: xr highly pro 
bable, 'that the Planets of our Syſtem, 'to th'their attendants 
called Satellites -or Moons, are much of t 
Earth, and deſtined for the like pu 


r wit 
e ſame nature with our 

ſes; For, they are ſolid opaque 
2 oF Some of pee | 
are bigger, ſome leſs, and ſome much about the ſize of our Earth. 
They all circulate round the Sun, as the Earth does, in a ſhorter or 
longer time, according to their reſpective diſtances from him; and have, 
where it would not be inconvenient, regular returns of ſummer and 
winter, ſpring and autumn. They have warmer and colder climates, 


4 7 the 'various- of e of our Earth require: and, in ſuch as afford 


inty of diſcovering it, we obſerve a regular motion round their 


and 
night ; which is neceſſary for labour, reſt, and vegetation, and that all 
parts of their ſurfaces may be expoſed to the rays of the Sun. 
12. Such of the Plancis as are fartheſt from the Sun, and therefore 
ir ev ttc tenft'sf his light, hade chat defloieney made up by ſeveral Moons, 
conſtantly" accompany, and revolve about them, as our Moon 
The remoteſt Planet has, over and above; a 
ng it; which like à lucid Zone in the Heavens 
ht very copiouſly on thut Planet: fo that if che 
the Sun's light fainter by day than we, they have 
an addition made to it morning and evening by one or more of their 
Moons, and a greater of light in ile niglit- time. 
13. On the ſutface of the Moon, becauſe it is nearer us W any | 
other of the celeſtial Bodies are, we diſcover a nearer reſemblance of 
our Barth. For, by the aſſiſtanoe of teleſeopes we obſerve the Moon 
to by full of high mountains, large valleys, s,' and deep cavities. Theſe 
ſimilarities leave” us no room to doubt, but that all the Planets and 
Moons in the Syſtern ate defigned as commodibus habitations for crea- 
3 proved with EY __— N and es "their ban 
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14. Since the Fixed Stars are prodigious ſpheres of fire, like our 
Sun, and at inconceivable diſtances from one another, as well 2 from 
us, it is reaſonable'to conclude they 'are made for the ſame yas 


» 
3 


| that the Sun is; each to beſtow light; heat, and ve getation 


certain number of inhabited FRAY? 0" by grviation vithin the 
FOR. of i it's activity. 


* 0 


8 What an auguſt! abet a an age ER if . ima- Numberleſo 
ination can conceive it, does this ge of thie Works of the Creator 4 I 
oufands of thouſands of Suns, f nultiplied without end, and ranged : 


all around us, at immenſe diſtances from each other, attended by ten 


thouſand times ten thouſand Worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably res the paths preſcribed them ; 
and theſe Worlds peopled with myriads of intel * beings formed 
for endleſs progreffion in perfection and felici g as 

16. If fo much power, wiſdom, goodnefs, and magnificence is 
difplayed i in the material Creation, which is the leaft conſiderable part 
'of the Vhiverſe, how great, 7 0 wiſe, how " good muſt TEE be, who See W- 
ma . the 9 ! . | 2 8 9 
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EF ay center, conſtitute the Hos 85 Tb Plan Fw 11 „ a r 


Ale near the Sun not only finith ther circuits ſooner,” but. Hkewiſe 
more Aſter) in their reſpectſve Orbits, than thoſe which are more remote The Solar” 


from him,” Their moto $ axe at perforined from welt” 19 Lal In en 
Orbits marly circular. flarijes, ces, bulks, andy riod 
rev 1 en * 181180 PIES. . 110 <A Ay 4 > 2 2 14 1785 a 
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84 18. The Sun . an e | 


'& a is at's! near the The Sun. | 


— center, a. rather. in che lower Werd ra ym 


Mee 02 7% bog au 1 In ye Un ehommeds ; 


jos 1's read de fied i lookly found two pr! in table, and moderately Kicked 


by the point of a black- pencil” carrie: an even motion and light ure 
f the hand, an oval or 9 ie Nv eee 55. ro 79 5 Whert the hs 121757 


as called the fc or ſocuſes Webb. Ws 990 of all e Plan ets are elliptical, "and 


the Sun is placed in of eat to one of the fi of each * bat in which he i 
"placed, is called the lower Jaden. bots he 7% of exe of1ch MI Nos hs 


the 


07 the. Solar Sen. 


er. PLATE 1. the Planets and Comets *; and turns round his axis in 2 5 days 6 hours, 


as 2 5 by the ee e his arfa ace. His diameter 


K 


the 510 but, as fre from any one ee the reſt ſome- 
times to go; back wa etimes forward, and ſometimes to ſtand 


;Nill,; not. 10 ent nor. "ellipſes, but in -+-looped curves which never 
return into themſelves. The Comets come An all parts KY the 
Heayens, and move in all forts of directions, 5 ON S a 

19, Having: mentioned the Syn's, turning ron 
chere will be frequent occafiqn. to, {peak 1 hi as and 

and Tone hd it is proper here o;inform the 2 rs [yro. 104 
.nomy, that 5 the dun nor lanets have material axes to —— 
upon, and as in the little imperfect Machines contrived 


his a3 


The Axes hows of repreſent Olea axis of a Planet is a line conceived, to be 


When we | of the Heavenly þ 
Their. POV "20. e | Eg rth's O 1 be, at 
5 - og Es dy through the center, and extende 


. each Sign 1 into 


lanes, drawn throug 5 s center, about w CH it revolyes 70 on a;xeal axis. 
The ae of this line, terminating in oppoſite points of the 
Planet's ſurface, are called it's Poles. That ee towards the 
northern part of the . is called the North Pole; and the other, 
pointing towards the ſoulbern part, is called the South Pole. A bowl 
- whirled from one's hand ia en 45 air turns round ſuch a line 
a itſelf, w 11ſt it moves forward; and ſuch are the lines we mean, 


fa las 2j th, + | 
even, ſolid plane; 
LY out as nk the 
eavens, where it will mark. 1 great Ciccle c: c we. 
12 £qual parts, called ens; 
Beef; eag 2 0 into 


Minute inte 60'equal parts, 


9 Aſtronomers arenot far 405 the truth, when they reckon the Sun' s center to bein 
the lower focus of all the Planetary Orbit. Though ſtrictiy ſpeaking, if we confider the 
| focus of Mexrtury's Orbit to be in he Sun's center, the focus of Venus's Orbit will be in 
the common center of gravity of the Sun and Mercury ; the focus of the Earth's Orbitin 

the common center of gravity of the Sun, Mercury, and Venus; the focus of the Orbit 

of Mars in the common center of gravity of the dun, Mercury, 3 and the Earth; 
and ſo of the reſt, - Yet, the fo of the Orbits of all the Planets, ex Saturn, will 
not be ſenſibly removed from the center of the Sun; nor will the focus of Saturn's Orbit 

-recede ſenſibly from the conmon center of gravity of the Sun and . 
7 MITT ML. Fig. I. ed 138. 5 
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dalled Sands: ſo chat a Second ische Goth part of a Minute; '@Minut6PLATE I. 


the Goth part of a Degree; and a Degree the 360th part of a Circle, 


or zoth part of a Sign. The Planes of the Orbits of all the other 


185 Planets likewiſe cut the Sun in halves; but extended to the Heavens, 


form Circles different 64m one another and from the Ecliptic; one 
half of each being on the north fide; and the other on the ſouth ſide of Their Nodes. 


it. Conſequentiy the Orbit of each Planet croſſes the Ecliptic in two- 


e * which are called the Planet's Nodes. Theſe Nodes are 
| in different parts of the Ecliptic; and therefore, if the planetary 


Tracks remained vifible in the Heavens, they would in ſome mealure- 


reſemble the different ruts of ' waggon-whbels.croſfing one another in- 
different parts, but never going far aſunder. Tliat Node, or Inter- 
ſection of the Orbit of any Planet with the Eartiis Orbit, from which 
the Planet aſcends northward above the Ecliptic, is called the Aſcending: 
Node of the Planet; and the other, which is directly oppoſite thereto; 
i called it's Dijecnding Nbde.>" Saturns Alfcending Node in 2 1. deg. What Grant] 


13 min. of Cancer 85 Jopiter-s inf y degehg min! ef the ſume Signed. 


Mars's in 17 deg. 1) min- of Taurus & Venus's im ggIdeg 59min. 


© ag —ä—4ä— 


; — 


which is the length of his year. But, 


6f Gemini T, and Mercury's in 14 deg-. 43min of: Taüfus. Here 
we conſider the Earth's Orbit as the. enk, a the! Ne of alb | 
the other Planets as oblique to itt. 

241. Wpen we iſpeak of the Flanete Urbits, all Gais henmwis Mir n, planets 
tlie open and unreſiſting Space ih which they mbve z, Orbits, What. 
and are kept in, by the attractive potver !of che Sun, and the projectile 
foros impreſſod upon them at firſt: betwern which power and force 
there is ſo dxact an adjuſtment, that they continue in the ſame tracks 
without an Foil Octity20-conlinsi them. .: ir 1 „8 M det 
ly ai en N 142 18:09:20 er: Obel 9d: ni nr 40 36 

22::Maxovay; the. neareſt planet 10 the gun, goes round Riauklerenp. 
a in / the dire marked N) in 87 days aq fs hourslof our time /nearly j 
ing ſeldom ſeen; and * 43 
ſpots appearing on his ſurface or diſc, the time of his rotation on' 


his axis, or tie length ef his days and nights, is as yet unknown, 


His diſtancm frum: the Sun: is computed to be millions of miles, and 
his diameter? 2 50 In his courſe, round the. Sun, :he-moves: at the 
rate of; 95 thouſand miles every hour. His light and heat from the 
Sun are almoſt ſeven times as great as Org 5 and the Sun ap ears to him 
almoſt ſeven times as large as ta us. The great heat on this Planet i el be inlaq- 
nd argurgent. againſt its: being inhabitod: — the Alniighty could as bited | 
eaſily ſuit the bodies and conſtitutions of it's inhabitants to the heat of 
ws os ans he has done ours to tlie. CO of our — 
791 * A 
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PLATE I; And: it is very 7 he that the) havel ſudh: .abropidibaias. 
us, as we have of the inhabitants of Jupiter: and Saturnq :namely,'theb 

we muſt er en; hmen and have very litte-liglht) at ſo great 0 

diſtance from: the un. 81 £1 ius 207 10 Siiwedil 14 

Has like pho. 2. This) Planet 3 60 ub with-- all-the variõut phaſes off th 
ſe with the Moon, when viewed: af different times by a godd telgſenfeg fon orily 
that he never appears quite Full, heeauſe his enlighteted ide ds never 
turned directly tawardb us but when he is ſo near the dun as to bes laſt 

to our ſight in it's beams. And; as his enlightened:ſide is alwrays to- 

ward the Sun; ät is plein that he ſhines nut by any light of his dyn; 

far if he did, he would:conftdntly appear round. That he move about 

the Sun din an Orbit within tlie Earth's Orbit is alſo plain (as will be 

more largely ſheive) by and by, Ni; & /zq1) becauſt he is never ſeen. = 

oppoſite to- the oe . timed e Sun's breadth from his 


a3 33: Dit! 


His Orbit! B24 Has Ocbix' * Zucliael ſeven Adee to the Ediptic 3:abd: chat a 
and Nodes. Hud, from which he; aſcends: northward above the Ecliptic, i is 
| in the 14th» degree of Taurus; the; oppdſite, in the gath degree of 


Scorpio. The Barth is in theſe points on the th of November and 


4th of and: when Mercury comes tor either of his 
Nodes 1 5 * A bran ere about theſe tirnes, he will 4 

daa paſe o the diſc of face of theoBury, dike's dark round ſpot. But 

in all othen paris of his Orbit his Corhunctions ne itwifihle, becauſe | 
hei either goes tboveror:below-the Sup vious Sch yd og) 516 bar 
When he will 2.5. Mr: WaysTom has given us:ian account of ſevecil- periods: at 
mm nh dn which Mecicory may be ſcen en the Suma j diſc uz. Ins the year 
upo un. | 

1782, Nov. 12th, at 3 h. Ami: ivnthe-afternatuir wn 6;.:aygth, 

at 6h. 57m. in the forenoon : 179% Dec. 6th, at 55 m. in the 
aſtermndom a ande 1799, May tha A hesg 4m. oF Lo Haba 


There — ſevetal eee reel ene een e e —_ 
at London." + „ cnoJl2t HTO £3: 1 - URS 5 1 


— ” * hike * a 
> at 3708 ö e's ſy 0375433 4 
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Fig. I. of miles Som the. Sun; and by moying- at the rate of G thduſand 
miuiles every hour in her Orbit (as 22 2˙—9 ſhe goes 
.round the Sun in 224 days 17 hours of our time near in which, 

Venus. though it be the full — of her. year, ſhe has only 9 days; ac- 
| cording to Br ancurkr's: obſervations zuſo that in herz every day and | 
"WH. en r pen M e and nights wich ws. This odd 5 


B 10 Mino fy ge 2 ik. od 5 At 1 Ui s 
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*. + When he is deryreen phe Earth and 46 Sun in the neatei park.of ln Obi. 
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quarter of a day in every year makes every fourth year a leap-year to 


Venus; as the like does to our Earth. Her. diameter is 7906 miles; 


and by her diurnal motion the inhabitants about her Equator are carried 


43 miles every hour, befides the 69,000 above-mentioned. 

27. Her Orbit includes that of Mercury within it ; for at her greateſt 

Elongation, or apparent diſtance from the Sun, ſhe is 96 times his 
breadth from his center; which is almoſt double of Mercury's. | Her 

Orbit is included by the Earth's ; for if it were not, ſhe might be ſeen 

as often in Oppoſition to the Sun, as ſhe is in Conjunction with him; 


but ſhe was never ſeen 90 1 or a fourth oo of a Circle, from 
the Sun. 


HerOrbitlies . 
between the 


Earth and 
Mercury. 


28. When Venus appears weſt of the Sun, ſhe riſes before him in she is our 


the morning, and is called the Morning Star : when ſhe appears eaſt of 
the Sun, ſhe ſhines in the evening after he ſets, and is then called the 
Evening Star: being each in it's turn for 290 days. It may perhaps 
| be ſurpriſing at firſt, that Venus ſhould keep longer on the eaſt or weſt 
of the Sun, than the whole time of her Period round him. But the 
difficulty vaniſhes when we conſider that the Earth is all the while 
going round.the Sun the fame way, though not ſo quick as Venus: 
and therefore her relative motion to the Earth muſt in every Period be 


morning and 
evening Star 


by turns, 


as much ſlower than her abſolute motion in her Orbit, as the Earth 


during that time advances forward in the Ecliptic ; which is 220 de- 


grees. To us ſhe appears erg a e in all the various ſhapes 
of the Moon. | 


29. The Axis of Venus is inclined 75 degrees to the Axis of her 
Orbit; which is 51+ degrees more than our Earth's Axis is inclined to 


the Axis of the Ecliptic : and therefore her ſeaſons vary much more 
than ours do. The North Pole of her Axis inclines toward the 2oth 
degree of Aquarius, our Earth's to the beginning of Cancer; conſe- 
quently the northern parts of Venus have ſummer in the Signs where 
thoſe of our Earth have winter, and vice versd. 


30. The * artificial day at each Fole of Venus is as long as 1122 Remarkable 


+ natural days on our Earth. neee 
31. The Sun's greateſt Declination on each ſide of her Equator Her 7 
0 
amounts to 75 pens; therefore her 4 Tropics are only 15 degrees 9 Fe ©) 


5 The time EIN the Sun's fog and ſetting. 
- + One entire revolution, or 24 hours. 


+ Theſe are leſſer circles parallel to the Equator, 5 as many * Gon] it, 1 


the Poles, as the Axis of the Planet is inclined to the Axis of it's Orbit. When the Sun 


ſituated. 


0 


is advanced ſo far north or ſouth of the Equator, as to be directly over er 1 


he goes no farther; 3 but returns towards the other. 


„„ from 


ah — — —— — — , 
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from her Poles; and her v Polar Circles as far from her Equator. Con- 
ſequently, the Tropics of Venus are between her Polar Circles and her 
| © Poles; contrary to what thoſe of our Earth are: 
The Sun's 32. As her annual Revolution contains only 9= of her days, the 
daily Courſe, dun will always appear to go through a whole Sign, or twelfth Part of 
| her Orbit, in little more than three quarters of her natural day, or 
nearly in 18+ of our days and nights. | 
233. Becauſe her day is ſo great a part of her year, the Sun changes 
and great De- his Declination in one day: ſo. much, that if he paſſes vertically, or 
elmation. directly oyer head of any given place on the Tropic, the next day he 
will be 26 degrees from it: and whatever place he paſſes vertically over 
when in the Equator, one day's revolution will remove him 364 degrees 
from it. So. that the Sun changes his Declination every day in Venus 
about 14 degrees more at a mean rate, than he does in a quarter of a 
year-on our Earth. This appears to be providentially ordered, for pre- 
venting the too great effects of the Sun's heat (which is twice as great 
on Venus as on the Earth) ſo that he cannot ſhine perpendicularly on the 
ſame places for two days. together; and by that means, the heated 
places have time to cool. | I 


Todetermias 34. If the inhabitants about the North Pole of Venus fix their South, 


—— — f or Meridian Line, through that part of the Heavens where the Sun 
at her Poles, comes to his greateſt Height, or North Declination, and call thoſe the 
Eaſt and Weſt points of their Horizon, which are go degrees on each 
fide from that point where the Horizon is cut by the Meridian Line, 
theſe inhabitants will have the following remarkables. 

The Sun will riſe 227 degrees + north of the Eaſt, and going on 

112; degrees, as meaſured on the plane of the + Horizon, he will 

croſs. the Meridian at an altitude of. 12; degrees; then making an 
entire revolution without ſetting, he will croſs it again at. an altitude of 
48. degrees; at the next revolution he will croſs the Meridian as he 

comes to his greateſt height and declination, at the altitude of 75 de- 
Surprifingap- grees; being then only 15. degrees from the Zenith, or that point of 
| rm the Heavens which .is directly over head: and thence he will deſcend 
in the like ſpiral manner; croſſing the Meridian firſt at the altitude of 
487 degrees; next at the altitude of 1:24 degrees; and going on thence 
1127 degrees, he will ſet 22+ degrees north of the Weſt; ſo that, aſter 


+ ® Theſe are leſſer circles round the Poles, and as far from them as the Tropics are 
from the Equator. The Poles are the very north and ſouth points of the Planet. 
1 A Degree is a 360th part of any Circle. See 2 . = 
1 The Limit of any inhabitant's view, where the- Sky ſeems to touch the Planet 
all round him. | 1 5 | | 
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having been 4 revolutions above the Horizon, he deſcends below it to 
exhibit the like appearances at the South Pole. 
35. At each Pole, the Sun continues half a year without ſetting in 
ſummer, and as long without riſing in winter ; conſequently the polar in- 
habitants of Venus have only one day and one night in the year; as it is 
at the Poles of our Earth. But the difference between the heat of ſum- : 
mer and cold of winter, or of mid-day and mid-night, on Venus, is much 
greater than on the Earth : becauſe in Venus, as the Sun is for half a year 
together above the Horizon of each Pole in it's turn, ſo he is for a con- 
ſiderable part of that time near the Zenith; and during the other half of 
the year, always below the Horizon, and for a great part of that time at 
leaſt 70 degrees from it. Whereas, at the Poles of our Earth, although 
the Sun is for half a year together above the Horizon; yet he never aſ- | - | 
cends above, nor deſcends below it, more than 23 degrees. When the | 
Sun is in the EquinoCtial, or in that Circle which divides the. northern | 
half of the Heavens from the ſouthern, he is ſeen with one half of his 
Diſc above the Horizon of the North Pole, and the other half above 
the Horizon of the South Pole; ſo that his center is in the Horizon of 
both Poles: and then deſcending below the Horizon of one, he afcends 
gradually above that of the other. Hence, in a year, each Pole has one 
ſpring, one harveſt, a ſummer as long as them both, and a winter 
* equal in length to the other three ſeaſons. | | Ip 
36. At the Polar Circles of Venus, the ſeaſons are much the ſame as At her pole 
at the Equator, becauſe there are only 1 5 degrees betwixt them, 5 31; Circles. 
only the winters are not quite fo long, nor the ſummers fo ſhort: but pr en [- 
the four ſeaſons come twice round every year. ; 1 
37. At Venus's Tropics, the Sun continues for about fifteen of our At her Tro- | | 
weeks together without ſetting in ſummer; and as long without riſing ?“. | 
in winter. Whilſt he is more than 15 degrees from the Equator, he 
neither riſes to the inhabitants of the one Tropic, nor ſets to thofe of es 
the other: whereas, at our terreſtrial Tropics, he riſes and ſets every il 
day of the year. | | 5 ; 
38. At Venus's Tropics, the Seaſons are much the ſame as at her * 
Poles; only the ſummers are a little longer, and the winters a little 
* 39. At her Equator, the days and nights are always of the ſame At her Equa- 
length; and yet the diurnal and nocturnal Arches are very different, r. 
eſpecially when the Sun's declination is about the greateſt: for then, 5 = 
his meridian altitude may ſometimes be twice as great as his midnight ; 1 
depreſſion, and at other times the reverſe. When the Sun is at his 
greateſt Declination, either North or 2 his rays are as 9 at 
| 2 | enus's 


AY 
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Venus's Equator, as they are at London on the ſhorteſt day of winter. 
Therefore, at her Equator there are two winters, two ſummers, two 
ſprings, and two autumns every year. But becauſe the Sun ſtays for 
ſome time near the Tropics, and paſſes fo quickly over the FE-quator, 
every winter there will be almoſt twice as long as ſummer : the four 
ſeaſons returning twice in that time, which conſiſts only of 9. days. 
40. Thoſe parts of Venus which lie between the Poles and Tropics, 
and between the Tropics and Polar Circles, and alſo between the Polar 
Circles and Equator, partake more or leſs of the Phenomena of theſe 
Circles, as they are more or leſs diſtant from them. 
Great diffe- 41. From the quick change of the Sun's declination it happens, 
rence of alte that if he riſes due eaſt on any day, he will not ſet due weſt on that day, 
1 lng as with us; for if the place where he riſes due eaſt be on the Equator, 
and ſetting. he will ſet on that day almoſt weſt-north-weſt ; or about 18; degrees 
north of the weſt. But if the placebein 45 degrees north latitude, then 
on the day that the Sun riſes due eaſt he will ſet north-weſt by weſt, 
or 33 degrees north of the weſt. And in 62 degrees north latude, when 
he riſes in the eaſt, he ſets not in that revolution, but juſt touches the 
Horizon 10 degrees to the weſt of the north point; and aſcends again, 
its continuing for 3+ revolutions above the Horizon without ſetting. There- 
fore, no place has the forenoon and afternoon of the ſame day equally 
. long, unleſs it be in the Equator, or at the Poles. 155 
The longi- 42. The Sun's altitude at noon, or any other time of the day, and 
1 his amplitude at riſing and ſetting, being very different at places on the 
in Venus. ſame parallel of latitude, according to the different longitudes of thoſe 
. places, the longitude will be almoſt as eaſily found on Venus, as the 
latitude is found on the Earth: which is an advantage we can never 
enjoy, becauſe the daily change of the Sun's declination is by much too 
| | ſmall for that important purpoſe. - _ EN SENS 
Her Equi- 43. On this Planet, where the Sun croſſes the Equator in any 
naxcs WU rene; he will have g degrees of declination from that place on the ſame 
ay forward day and hour next year; and will croſs the Equator go: degrees farther 
every year. to the weſt ; which makes the time of the Equinox a quarter, of a day 
| (or about ſix of our days) later every year. Hence, although the ſpiral 
in which the Sun's motion is performed, be of the ſame ſort every year, 
yet it will not be the very ſame, becauſe the Sun will not paſs vertically 
cover the ſame places till four annual revolutions are finiſned. pb 
Every fourth 44. We may ſuppoſe that the inhabitants of Venus will be careful 
year ent. to add a day to ſome particular part of every fourth year; which will 
year keep the fame ſeaſons to the ſame 1 or, as the great annual 
change of the Equinoxes and Solſtices ſhifts the ſeaſons a quarter of a 
„„ . | | _ day 


day every year, they would be ſhiſted through al all the days of the year pLATE 1. 
in 36 years. But by means of this intercalary day, every fourth year 


in her inferior conjunction, ſhe will appear like a ſpot on the Sun, and 
afford a more certain method of finding the diſtances of all the Planets 
pen very ſeldom ; and will only be viſible at London for three hundred 


at 2 hours 13 minutes in the afternoon. And the third in the year 2004, 


covered by us: which will not appear very ſurpriſing, if we conſider à Moon, al- 


"the Sun; and then, as Venus appears little bigger than an ordinary 
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will be a leap-year; which will bring her time to an even recen 
and keep her Calender always right. 

45. Venus's Orbit is inclined 3; degrees to the Earth's; ; and croſſes When ſhe ill 
tt in the 14th degree of Gemini and of Sagittarius; and therefore, when (PP<r on ts 
the Earth is about theſe points of the Ecliptic at the time that Venus is 


from the Sun, than any other yet known. But theſe appearances hap- 


years to come. The firſt time will be in the year 1761, June the 6th, 
at 5 hours 55 minutes in the morning. The ſecond 1996, June the gth, | 


Fune the 6th, at 7 hours 18 minutes in the forenoon. Excepting ſuch 
Tranſits as theſe, ſhe ſhews the ſame appearances to us regularly every 
eight years; her Conjunctions, Elongations, and Times of riſing and 
ſetting, being very nearly the ſame, on the ſame days, as before. 

46. Venus may have a Satellite or Moon, although it be undiſ- She may have 
how inconveniently we are placed for ſeeing it. For it's enlightened ng ſve it 
fide can never be fully turned towards us, but when Venus is beyond ms 


Star, her Moon may be too ſmall to be perceived at ſuch a diſtance. 


When ſhe is between us and the Sun, her full Moon has it's dark 


ſide towards us; and then we cannot ſee it any more than we can our 


own Moon at the time of Change. When Venus is at her greateſt 


Elongation, we have but one half of the enlightened ſide of her Full 


{ 


Moon towards us; and even then it may be too far diſtant to be ſeen 


by us. But if he has: a Moon, it may certainly be ſeen with her upon 


the Sun, in the year 1767, unleſs it's Orbit be confiderably Aclined:to 


the Ecliptic : for if it ſhould be in conjunction or. oppoſiyon at that 


time, we can hardly imagine that it moves ſo flow as to be hid by 


: Venus all the fix hours that No will appear. on che Sun's Diſc “. 


* The Exxrn is the next Planet above Vous! in the Syſtem. Te The Earth. 


is 82 millions of miles from the Sun, and goes round him. (as in the 


circle Q) in 365 days 5 hours 49 minutes, from any Equinox or Sol- rig. 1. 


tice to the ſame again: but from any fixed Star to the ſame again, as 


* The tranſit is over fince this was whe; and no Satellite was ſeen with Venus on | 
the Sun's Diſc, | | ; 
ie | | en 
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It's diurnal | ſeen from the Sun, in 365 days 6 hours and 9 aplautes; the former 
and annual being the length of the Tropical year, and the latter the length of the 
mY Sydereal. It travels at the rate of 58 thouſand miles every hour; which 
motion, though 120 times ſwifter than that of a cannon-ball, is little 
more than half as ſwift as Mercury's motion in his Orbit. The Earth's 
diameter is 7970 miles; and by turning round it's Axis every 24 hours 
from Weſt to Eaſt, it cauſes an apparent diurnal motion of all the 
heavenly Bodies from Eaſt to Weſt. By this rapid motion of the Earth 
on it's Axis, the inhabitants about the Equator are carried 1042 miles 
every hour, whilſt thoſe on the parallel of London are carried only 
8 abut 580, [beſides the 58 thouſand miles by the annual motion above- 

mentioned, which is common to all places whatever. Oy 
Inclination of 48. The Earth's Axis makes an angle of 23+ degrees with the Axis 
e 's Orbit; and keeps always the ſame oblique direction; inclining 
towards the ſame fixed Stars *: throughout it's annual courſe ; which 
cauſes the returns:of - ſpring, farmer, autumn, and winter ; as will be 

expat at large in the tenth Chapter. | 

* Aproofofit's The Earth is round like a globe ; as appears, * By! it 8 . 
| ng Ow i Belles of the Moon; Which ſhadow is always bounded by a circular 
| line, & 314. 2. By our ſeeing the maſts of a ſhip whilſt the hull is 
hid by the convexity of the water. 3. By it's having been failed 
round by many navigators. The hills take off no more from the round- 
neſs of — Earth in —— than ie of duſt do from the round- 
neis ſof a common Globe. 


1 5. The ſeas and opkoown parts « of che Earth (by a ant 
mile. of the beſt Maps) contain 160 million 522 thouſand and 26 ſquare 
miles; the inhabited parts 38 million 990 thouſand . 569: Europe 
4 million 456 thouſand and 65; Aa 10 million 768 3 bans . 
-Africacy million 654 thouſand 807 America 14 million 110 thouſand 
TT 874. In all, 199 million 512 thouſand 595 ; which is the number 
of fquar® miles on the whole ſurface of our Globe. 
The propor- 51. Dr. Loxs, in; the firſt volume of his Aſtronomy, pag. 168, 7 
vou 1 mentions an ingenious and eaſy method of finding nearly what pro- 
portion the land bears to the ſea; which is, to take the papers of a 
_ large terreſtrial globe, and after ſeparating the land from the ſea with 
u pair of ſciſfars, to weigh them carefully in ſcales. This ſuppoſes the 


globe to be exactly delineated, — the n all of equal thickneſs. 


og *; This is r friday une, as wi app ar when we come to treat of the Ne 
of the Equinoctial Points in the Heavens, & 246; which receſſion is equal to the deviation 
of the Earth's Axis from its: paralleliſm : -but this-is rather too ſmall to be ſenſible i in an 
ages except to thoſe who * very nice obſervations. _ 

— 4 \ ; 1e 
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The Doctor made the experiment on the papers of Mr. SENEx's ſeven- PLATE I. 
teen inch globe; and found that the ſea papers weighed 349 grains, 

and the land only 124: by which it appears that almoſt three fourth 

parts of the ſurface of our Earth between the Polar Circles are covered 

with water, and that little more than one fourth is dry land. The 

Doctor omitted weighing all within the Polar Circles; becauſe there is 

no certain meaſurement of the land within them, ſo as to know what 
proportion it bears to the fea. _ | 


52. The Moon is not a Planet, but only a Satellite or Attendant of The Moon. 
the Earth; going round the Earth from Change to Change in 29 days | 
12 hours and 44 minutes; and round the Sun with it every year. The 
Moon's diameter is 2180 miles; and her diſtance from the Earth's 
center 240 thouſand.” She goes round har Orbit in 27 days 7 hours 
43 minutes, moving about 2290 miles every hour; and turns round 
her Axis exactly in the time that ſhe goes round the Earth, which is 
the reaſon of her keeping always the fame fide towards us, and that her 
day and night taken together is as long as our lunar month. © | 
53. The Moon is an opaque Globe like the Earth, and'ſhines oncly —  ___ 
by reffecting the light of the Sun: therefore whilft that half of her | 
which is toward the Sun is enlightened; the other half muſt,be dak 
and invifible. Hence, ſhe diſappears when ſhe comes between us and Her Phaſes. 
the Sun; becauſe her dark fide is then toward us. When ſhe is gone 
2 little way forward, we ſee a little of „ ; which ſtilt 
igereaſes to our view, as ſhe advances forward, until ſne comes to be 
oppoſite to the Sun; and then her whole enlightened ſide is towards 
the Earth, and ſhe appears with a round, illumined Orb, which we 
call the Full Min : her dark fide being then turned away from the 
Earth. From the Full ſhe ſeems to decreaſe gradually as ſhe goes 
through the other half of her courſe; ſhewing us lefs and lefs of her 
enlightened fide every day, till her next change or conjunction with 
the Sun, and then ſhe diſappears as before. 93 
54. This continual change of the Moon's phaſes demonſtrates that A proof th at 
| ſhe ſhines not by any light of her own: for if ſhe did, being globular, on pap not 
we ſhould always ſee her with a round full Orb like the Sun. —— 
Orbit is reprefented in the Scheme by the little circle , upon the 
Earth's Orbit : but it is drawn fifty times too large in proportion to Fig. I. 
the Earth's ; and yet is almoſt too ſmall to be ſeen in the Diagram. | 
55. The Moon has ſcarce any difference of ſeaſons; her Axjs being One half of 
almoſt perpendicular to the Ecliptic. What is very ſingular, one half her ys : 
of her has no darkneſs at all; the Earth conſtantly affording it a _— Wo 
| 2 | light 


ker Moon. 
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| Our Earth is light in the Sun s abſence; while the other half has a fortnight 8 dark- 


neſs and a fortnight's light by turns. 

56. Our Earth is a Moon to the Moon, waxing poi þ waneing — 
larly, but appearing. thirteen times as big, and affording her thirteen 
times as much light, as ſhe does to us. When ſhe changes to us, the 
Earth appears full to her; and when ſhe. is in her firſt quarter to us, 
the Earth is in it's third quarter to her; and vice P rr 

57. But from one half of the Moon, the Earth is never feen at all: 
from the middle of the other half, it is always ſeen over head; turning 
round almoſt thirty times as quick as the Moon does. From the circle 
which limits our view of the Moon, only one half of the Earth's ſide 
next her is ſeen; the other half being hid below the Horizon of all 
places on that circle. To her, the Earth ſeems to be the biggeſt Body 
in the Univerſe; for it appears thirteen times as big as ſhe does to us. 

58. The Moon has no Atmoſphere of any vifible denſity ſurrounding 
her as we have: for if ſhe had, we could never ſee her edge ſo well 
defined as it appears; but there would be a ſort of a miſt or hazineſs 
around her, which would make the Stars look fainter, when they are 
A Proof of ſeen through it. But obſervation proves, that the Stars which diſappear | 


the Moon's 


f a, behind — Moon retain their full luſtre until they ſeem to touch her very 
aving no At- 


moſphere. edge, and then they vaniſh in a moment. This has been often obſerved 


by Aſtronomers, but particularly by Cassin1 * of the Star in the 
breaſt of Virgo, which appears fingle and reund to the bare eye; but 
through 5 a refraCting I 'eleſcope of 16 feet appears to be two Stars ſo near. 
together, that the diſtance between them ſeems, to be but equal to one 
of their apparent diameters. The Moon was obſerved to paſs over them 
on the 21ſt of April, 1720, N. S. and as her dark edge drew near to 
them, it. cauſed no change in their colour or ſituation. At 25 min. 
14 ſec, paſt 12; at;night, the moſt weſterly of theſe Stars was hid by 
the dark edge of the Moon; and in zo ſeconds afterward, the moſt 
eaſterly Star was hid: each of them diſappearing behind che Moon in 
an inſtant, without any preceding diminution of magnitude or bright- 
neſs; which by no means-could have been the caſe if there were an 
. Atmoſphere round the Moon; for then, one of the Stars falling obliquely 
into it before the other, ought by refraQtion to have ſuffered ſome change 
in it's.colour, or in it's diſtance from the other Star which was not yet 
entered into the Atmoſphere. But no ſuch alteration could be perceived, 
though the obſervation was performed with the utmoſt attention to that. 
particular; and was very proper to have made ſuch a diſcovery. The 
faint bt, which has been ſeen all around the Moon, in total Eclipſes . 


Memoirs d Acad. ann, 7 20. 


at 


Of the Solar Syſtem. 


of the Sun, has been obſerved, during the time of darkneſs, to have 


it's center coincident with the center of the Sun; and was therefore 


17 


much more likely to ariſe from the Atmoſphere of the Sun, than from 


that of the Moon; for if it had been owing to the latter, it's center 
would have gone along with the Moon's. 

59. If there were ſeas in the Moon, ſhe could have no clouds, rains, 
nor ſtorms, as we have; becauſe ſhe has no ſuch Atmoſphere to ſup- 
port the vapours which occaſion them. And every one knows, that 
when the Moon is above our Horizon in the night-time, ſhe. is viſible, 
unk3.the clouds of our Atmoſphere hide her from our view; and all 
parts of her appear conſtantly with the ſame clear, ſercne, and calm 
aſpect. Bat thoſe dark parts of the Moon, which were formerly thought 
to be ſeas, are now found to be only vaſt deep cavities, and places 
which reflect not the Sun's light ſo ſtrongly as others, having many 
caverns and pits whoſe ſhadows fall within them, and are always dark 
on the ſides next the Sun; which demonſtrates their being tollow : 
and moſt of theſe pits have little knobs like hillocks ſtanding within 
them, and caſting ſhadows alſo; which cauſe theſe places to appear 
darker than others which have fewer, or leſs remarkable caverns. © All 
theſe appearances ſhew that there are no ſeas in the Moon ; for if there 
were any, their ſurfaces would appear ſmooth and even, like thoſe on 

te Earth. 
| © 60, There being no Atmoſptiere: about the Moon, the heavens in 
the day-time have the appearance of night to a Lunarian who turns his 
back toward the Sun; and when he does, the Stars appear as bright 
to him as they do in the night to us. For, it is entirely owing to our 
Atmoſphere that the Heavens are bright about us in the day. 

61. As the Earth turns round it's Axis, the ſeveral continents, ſeas, 
and iſlands appear to the Moon's inhabitants like ſo many ſpots of dif. 
ferent forms and brightneſs, moving over it's ſurface ; but much fainter 
at ſome times than others, as our clouds cover them or leave them. 


Nor Seas. 


She is full of 


caverns and 


deep pits. 


The Stars al- 


ways viſible 
to the Moon. 


— 


By theſe ſpots the Lunarians can determine the time of the. Earth's The Earth a 
diurnal motion, juſt as we do the motion of the Sun: and perhaps Þ 3 ba aha 


they meaſure their time by the motion of the Earth's ſpots ; for they 
cannot have a truer dial. | 

62. The Moon's Axis is ſo nearly perpendicular to the Ecliptic that 
the Sun never removes ſenſibly from her Equator : and the * obliquity 


of her Orbit, which is next to nothing as ſeen from the Sun, cannot 


| *The Moon's Orbit croſles the Ecliptic in. two oppoſite points, called the Moon's 
Nodes ; fo that one half of her Orbit is above the Ecliptic, and thi other half below its 
En Angle of it's Obliquity is 53 degrees. | | 


cauſe 
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PLATE I. cauſe the Sun to decline ſenſibly from her Equator. Yet her inhabitants. 
How the i-are not deſtitute of means for aſcertaining the length of their year, 
1 though their method and ours muſt differ. For we can know the 
length of length of our year by the return of our Equinoxes; but the Lunarians, 
r having always equal day and night, muſt have recourſe to another 
method; and we may ſuppoſe, they meaſure their year by obſerving 
when either of the Poles of our Earth begins to be enlightened, and 
the other to diſappear, which is always at our Equinoxes ; they being 
conveniently ſituated for obſerving great tracks of land about our Earth's 
Poles, which are entirely unknown to us. Hence we may conglude, 
that the year is of the ſame abſolute length both to the Earth and! - 
Moon, though very different as to the number of days-: we having 
365+ natural days, and the Lunarians only 127; ; every day and night 
in the Moon being as long as 29+ on the Earth. 
and the lon- 63. TheMoon's inhabitants on the ſide next the Earth may as eaſily 
— of find the longitude of their places as we can find the latitude of ours. 
rang, For the Earth keeping conſtantly, or very nearly ſo, over one Meridian: 
| of the Moon, the eaſt or weſt diſtances of places from that Meridian: 
are as eaſily found; as we can find. our. diſtance. from the Equator by: 
the Altitude of our celeſtial Potes.. 


Mars. 64. The Planet Mans is next in order, being the firſt above the: 

8 Earth's Orbit. His diſtance from the Sun is computed to be 12 5 mil- 
lions of miles; and by travelling at the rate of 5 thouſand miles every 
Fig. I. hour, as in the circle &, he goes round the Sun in 686 of. our days and 
23 hours; which is the. length of his year, and contains 6674 of his 

days; every: day and: night together being 40 minutes longer than with: 
us. His diameter is 4444 miles, and by his diurnal rotation the inha- 
| bitants about his Equator are carried 556 miles every hour.. His quan- 
tity. of light and heat is equal: but to one half of aurs;, and the Sun 
appears but half as big to him as:to us. | 


65. This Planet being but a fifth part ſo big: as the Earth; if any 
Moon attends him, ſhe. muſt be very ſmall, and has not yet been diſ- 
covered by our beſt teleſcopes. He is of a fiery red colour, and by: 
| his Appulſes to ſome of the fixed Stars, ſeems to be encompaſſed by. a; 
His Atmo- very groſs Atmoſphere.. He appears ſometimes gibbous, but never 
_-_ and Horned; which both ſhews that his Orbit includes the Earth's within it; 

„and that he ſhines not by his own light. 

66. To Mars, our Earth and Moon appear like two Moons, a bigger 
and a leſs; changing places with one another, and appearing ſometimes. | 

horned, ſometimes half or three quarters illuminated, but never full; 


2 nor 
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nor at moſt above one quarter of a degree from each other, although LAT 1 
they are 240 thouſand miles afunder. 

67. Our Earth appears almoſt as big to Mars as Venus does to us, How the 

and at Mars it is never ſeen above 48 degrees from the Sun; ſometimes other Planets 

it appears to paſs over the Diſc of the Sun, and fo do Mercury and Mis. 

Venus: but Mercury can never be ſeen from Mars by ſuch eyes as ours, 

unaſſiſted by proper inſtruments ; and Venus will be as ſeldom ſeen as 

we ſee Mercury. Jupiter and Saturn are as viſible to Mars as to us. 

His Axis is perpendicular to the Ecliptic, and his Orbit'is 2 degrees 

inclined to it. Cn | 


* 


68. Jorrrxx, the biggeſt of all the Planets, is ſtill higher in the Syſtem; jupiter. 
being about 426 millions of miles from the Sun : and going at the rate of 
25 houlind miles every hour in his Orbit, as in the circle I, finiſhes Fig. I. 
his annual period in eleven of our years 314 days and 12 hours. He is 
above 1000 times as big as the Earth, for his diameter is 81,000 miles; 
which is more than ten times the diameter of the Earth. 

69. Jupiter turns round his Axis in g hours 56 minutes; fo that his The number 
year contains 10 thouſand 470 days; and the diurnal velocity of his of days in his 
equatoreal parts is greater than the ſwiftneſs with which he moves in“ 
his annual Orbit ; a ſingular circumſtance, as far as we know. By this 
prodigious quick Rotation, his equatoreal inhabitants are carried 2 5 
thouſand 920 miles every hour (which is 920 miles an hour more than 
an inhabitant of our Earth's equator moves in twenty-four hours) be- 
ſides the 25 thouſand above-mentioned, which is common to all parts' 
of his ſurface, by his annual motion. TO 

70. Jupiter is ſurrounded by faint ſubſtances, called Belts, in which His Belts and 
ſo many changes appear, that they are generally thought to be clouds: Pots. 
for ſome of them have been firſt interrupted and broken, and then have 
vaniſhed entirely. They have ſometimes been obſerved of different 
breadths, and afterwards have all become nearly of the fame breadth. 
Large ſpots have been ſeen in theſe Belts; and when a Belt vaniſhes, 
the contiguous ſpots diſappear with it. The broken ends of ſome Belts 
have been generally obſerved to revolve in the ſame time with the ſpots; 
only thoſe nearer the Equator in ſomewhat leſs time than thoſe near 
the Poles; perhaps on account of the Sun's greater heat near the 
Equator, which is parallel to the Belts and courſe of the ſpots. Several 
large ſpots, which appear round at one time, grow oblong by degrees, 
and then divide into two or three round ſpots. The periodical time of 
the ſpots near the Equator is 9 hours 50 minutes, but of thoſe near the 
Poles 9 hours 56 minutes. See Dr. SM1TH's Optics, & 1004, & ſeq. 
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He has no 
change of 
ſeaſons; 


but has four 


Moons. 


Their periods 
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71. The Axis of Jupiter is ſo nearly perpendicular to his Orbit, that. 
he has no ſenſible change of ſeaſons ; which is a great advantage, and 
wiſely ordered by the Author of Nature. For, if the Axis of this 
Planet were inclined any conſiderable number of degrees, juſt ſo many 
degrees round each Pole would in their turn be almoſt fix of our years 

together in darkneſs. And, as each degree of a great Circle on Jupiter 
contains 706 of our miles at a mean rate, it is eaſy to judge what vaſt 
tracts of land would be rendered uninhabitable by any conſiderable in- 
clination of his Axis. r . 

72. The Sun appears but + part ſo big to Jupiter as to us; and his 
light and heat are in the ſame ſmall proportion, but compenſated by 
the quick returns thereof, and by four Moons (ſome bigger and ſome 
leſs than our Earth) which revolve about him: ſo that there is ſcarce 

any part of this huge Planet but what is during the whole night en- 
lightened by one or more of theſe Moons, except his Poles, whence 
only the fartheſt Moons can be ſeen, and where their light is not 
wanted, becauſe the Sun conſtantly circulates in or near the Horizon, 
and is very probably kept in view of both Poles by the refraction of 
Jupiter's Atmoſphere, which, if it be like ours, has certainly refractive. 
power enough for that purpoſe. 

73. The Orbits of theſe Moons are repreſented in the Scheme of 


round Jupiter. the Solar Syſtem by four ſmall circles marked 1. 2. 3. 4 on Jupiter's 


Their grand 


period. 


Parallax of 
their Orbits, 


Orbit Y; but they are drawn fifty times too large in proportion to it. 


The firſt Moon, or that neareſt to Jupiter, goes round him in 1 day 18 
hours and 36 minutes of our time; and is 229 thouſand miles diſtant . 
from his center : The ſecond performs it's revolution in three days 


13 hours and 15 minutes, at 364 thouſand miles diſtance : The third 


in 7 days three hours and 59 minutes, at the diſtance of 580 thouſand 
miles: And the fourth, or outermoſt, in 16 days 18 hours and 30 
minutes, at the diſtance of one million of miles from his. center. 
The Periods of theſe Moons are ſo incommenſurate to one another, 
that if ever they were all in a right line between Jupiter and the Sun, 


it will require more than 3, ooo, ooo, ooo, ooo years from that time 


to bring them all into the ſame right line again, as any one will find 
who reduces all their periods into ſeconds, then multiplies them into one 
another, and divides the product by 432; which is the higheſt num- 
ber that will divide the product of all their periodical times, namely, 
42,08 5, 303, 376, 93 1, 994,9 5 5,994 ſeconds, without a remainder. _ 

| e Angles under which the Orbits of Jupiter's Moons are ſeen 


| from the Earth, at it's mean diſtance from Jupiter, are as follow : 
and diſtances 


from jupiter. The firſt, 3' 55 ; the ſecond, G. 14"; the third, gf 58”; and the 


fourth, 


force, which always ariſes from a quick motion round an axis: and when 


of miles from the Sun; and, e at the rate of 18 thouſand miles 


29 years 167 days and 5 hours of ity time; which makes only one 
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fourth, 17 $0”. And their diſtances from Jupiter, meaſured by his PLATE 1 
ſemidiameters, are thus: The firſt, 5=; the ſecond, 9; the third, 
14223; and the fourth, 2532 .. T his Planet, ſeen from it's neareſt How he ap- 
Moon, appears 1000 times as large as our Moon does to us; waxing - Ry 
and waneing in all her monthly ſhapes, every 424 hours. . 

75. Jupiter's three neareſt Moons fall into his ſhadow, and are eclipſed Two grand 
in every Revolution: but the Orbit of the fourth Moon is ſo much in- ge 
clined, that it paſſeth by it's oppoſition to Jupiter, without falling into Eclipſe of : 
his ſhadow, two years in every lix. By theſe Eclipſes, Aſtronomers have Jupiter's | 
not only diſcovered that the Sun's light takes up eight minutes of time in _ 
coming to us; but they have alſo determined the longitudes of places 
on this Earth with greater certainty and facility, than by any other me- 
thod yet known; as ſhall be explained in the eleventh Chapter, 

76. The difference between the Equatoreal and Polar diameters of The great 
Jupiter is 6230 miles; for his equatoreal diameter is to his polar, as 13 ese 
to 12. So that his Poles are 3115 miles nearer his center than his Equa- Equatoreal 
tor is. This reſults from his quick motion round his Axis; for the fluids, and Polar 
together with the light particles, which they can carry or waſh away | ng os 
with them, recede from the Poles which are at reſt, towards the Equator : 
where the motion is quickeſt, until there be a ſufficient number ac- 


cumulated to make up the deficiency of gravity loſt by the centrifugal 


the deficiency of weight or gravity of the particles is made up by a ſuf- 
ficient accumulation, there is an equilibrium, and the equatoreal parts 
riſe no higher. Our Earth being but a very ſmall Planet, compared to The diffe- 
Jupiter, and it's motion on it's Axis being much flower, it is leſs flat- 1 
tened of courſe; for the difference between it's equatoreal and polar = oy 
diameters i is only as 230 to 229, namely, 35 miles. 

77. Jupiter's Orbit is 1 degree 20 minutes inclined to che Ecliptic. Place of his 
His North Node is in the 7th degree of Cancer, and his. South Node Nodes, 


in the 7th degree of Capricorn. 
470 SATURN, the remoteſt of all the Planeta is about 780 millions Saturn. 
every hour, as in the circle marked E performs it's annual circuit in Fig, 1 


year to that Planet. It's diameter is 67,000 miles; and 1 it is 

near 600 times as big as the Earth. | 
79. This Planet is ſurrounded by a thin broad Ring, as an artificial Fig. V. 

Globe is by a Horizon. The Ring appears double when ſcen through a His —— 


* CASSINI as d' Atronomie, Liv. ix. bop. 3. 
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PLATE, 1. good teleſcope, and is Wr ne the gum in ſack an oblique 3jewe 
25" + generally {et It is inclined 30 degrees to the Ecliptic, and is 
about 21 thouſand miles in breadth; which is equal to it's diſtance from 
Saturn on all ſides. There is reaſon to believe that the Ring turns 
round it's Axis, becauſe, when it is almoſt edge-wiſe to us, it appears 
ſomewhat thicker on one fide of the Planet than on the other; and 
the thickeſt edge has been ſeen on different ſides at different times, But 
Saturn having no viſible ſpots on his body, whereby to determine the 
time of his turning round his Axis, the length of his days and nights, 
and the poſition. of his Axis, are unknown to us. | | | 
| 80. To Saturn, the Sun appears only -—th part ſo big as to us; 
| and the light and heat he. receives from the Sun are in. the ſame pro- 
His five rtion to ours. But to compenſate for the ſmall quantity of ſun-light, 
e has fixe Moons, all going round him on the outſide of his Ring, 
| and nearly in the ſame plane with it. The firſt, or neareſt Moon to 
Saturn, goes, round him in 1 day 21 hours 19 minutes; and is 140 
-.., . thouſand miles from his center: The ſecond, in 2 days 17 hours 
45᷑0 minutes; at the diſtance of 187 thouſand miles: The third, in 4 
© days 12 hours 25 minutes; at 263 thouſand miles diſtance: The fourth, 
an 15 days 22 hours 41 minutes; at the diſtance of 600 thouſand 
miles: And the fifth, or outermoſt, at one million 890 thouſand miles 
| from Saturn's center, goes round him in 79 days 7 hours 48 minutes. 
Fig. I, "heir Orbits in the Scheme of the. Solar. Syſtem. are repreſented by 
the five ſmall circles, marked 1. 2. 3. 4. 5,08 Saturn's Orbit; but theſe, 
le the Orbits of the other Satellites, are drawn fifty times too large in 
proportion to the Orbits of their Primary Planets = 
81. The Sun ſhines almoſt fifteen of our years together on one ſide 
of Saturn's Ring without . ſetting, and as long on the other in it's 
turn. So that the Ring is viſible to the inhabitants of that, Planet for 
almoſt- fifteen of our years, and as long. inviſible by turns, if it's 
His Axis pro- Axis has no Inclination to it's Ring: but if the Axis of the Planet be. 
bablyinclined ;1clined to the Ring, ſuppoſe about 30 degrees, the Ring will appear 
to his Ring. . = . . PE Y 
and diſappear once every natural day to all the inhabitants within 30 
degrees of the Equator, on both ſides, frequently eclipſing the Sun in 
a Sant den day. Moreover, if Saturn's Axis be ſo inclined to his 
Ring, it is perpendicular to his Orbit; and thereby the inconvenience 
of different ſeaſons to that Planet is avoided. For conſidering the 
length of Saturn's year, which is almoſt equal to thirty of ours, what 
a dreadful condition muſt the inhabitants of his Polar regions be in, 
if they be half that time deprived of the light and heat of the Sun? 
vhich is not their caſe alone, if the Axis of the Planet be perpendicular 
: | to 


\ 


o 
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to the Ring, for then the Ring muſt hide the Sun from vaſt tracks of 
land on each fide of the Equator for 13 or 14 of our years together, on 
the ſouth ſide and north fide by turns, as the Axis inclines to or from 
the Sun: the reverſe of which inconvenience is another good preſump- 


tive proof of the Inclination of Saturn's Axis to it's Ring, and alſo of 
his Axis being perpendicular to his Orbit. 


- 


82. This Ring, ſeen from Saturn, appears like a vaſt luminous Arch How theRing 


in the Heavens, as if it did not belong to the Planet. When we ſee 2PP<2r5t05a- 
the Ring moſt open, it's ſhadow upon the Planet is broadeſt ; and from 
that time the ſhadow grows narrower, as the Ring appears to do to us; 

until, by Saturn's annual motion, the Sun comes to the plane of the 

Ring, or even with it's edge; which being then directed towards us, 

becomes inviſible on account of it's thinneſs; as ſhall be explained more In what Signs 
largely in the tenth Chapter, and illuſtrated by a figure. The Ring Saturn ap- 


pears to loſe 


difappears twiee in every annual Revolution of Saturn, namely, when he his Ring; and 


is in the 19th degree both of Piſces and of Virgo. And when Saturn in what Signs 


is in the middle between theſe points, or in the 19th degree either of * "a 
Gemini or of Sagittarius, his Ring appears moft open to- us; and then v.. 
it's longeſt diameter is to it's ſhorteſt, as 9 to 4. e 


4 


83. To ſuch Eyes as ours, unaſſiſted by inſtruments, Jupiter is the NoPlanetbur. 


enly Planet that can be ſeen from Saturn ; and Saturn the only Planet Earn cm be 
that can be ſeen from Jupiter. So that the inhabitants of theſe two > 


piter; nor 


Planets muſt either ſee much farther than we do, or have equally good any from Ju- 


inſtruments to carry their fight to remote objects, if they know that piter beſides. - 


there is ſuch a body as our Earth in the Univerſe: for the Earth is no 38 
bigger ſeen from Jupiter, than his Moons are ſeen from the Earth; and 
if his large body had not firſt attracted our ſight, and prompted our 
euriofity to view him with the teleſcope, ve ſhould never have known 
any thing of his Moons; unlefs by chance we had directed the teleſcope 
toward that ſmall part of the Heavens where they were at the time off * 
obſervation. And the like is true of the Moons of Saturn, * 
84. The Orbit of Saturn is 24 degrees inclined to the Eeliptic, or Place of Sa- 
Orbit of our Earth, and interſects it in the 2 iſt degree of Cancer and burn“ Nodes. 
of Capricorn ;. ſo that Saturn's. Nodes are only 14 degrees from Jupi- 

rn oo 15 „F535; | 
— oy The quantity of light; afforded by the Sun to Jupiter, being rue Suns 
but th part, and to Saturn only th part, of what we enjoy; may light much 
at firſt thought induce us to believe that theſe: two Planets are entirely Jupdtr and 
unfit for rational beings to dwell upon. But, that their light is not ſo Saturn than is 
weak as we imagine, is evident from their brightnefs in the night- ume; ene 
and alſo from this remarkable Phenomenon, that when the Sun is ſo s 

| | much 


turn and to us. 
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much ec ipſed to us, as to have only the 40th part of his Diſc left unco- 
vered by t e Moon, the decreaſe of light is not very ſenſible: and juſt 
at the end 5 darkneſs in Total Eclipſes, when his weſtern limb begins to 
be viſible, and ſeems no bigger than a bit of fine ſilver wire, every one 
is ſurpriſed at the brightneſs wherewith that ſmall part of him ſhines. 
The Moon when Full affords travellers light enough to keep them from 
.. miſtaking: their way; and yet, according to Dr. SMITH ®, it is equal to 
no more than a go thouſandth part of the light of the Sun: that is, the 
Sun's light is 90 thouſand times as ſtrong as the light of the Moon when 
Full. Conſequently, the Sun gives a thouſand times as much light to 
Saturn as the Full Moon does to us; and above three thouſand times as 
much to Jupiter. So that theſe two Planets, even without any Moons, 
would be much more enlightened than we at firſt imagine; and by 
having ſo many, they may be very comfortable places of reſidence. 
Their heat, ſo far as it depends on the force of the Sun's rays, is cer- 
tainly much leſs than ours; to which no doubt the bodies of their 
inhabitants are as well adapted as ours are to the ſeaſons we enjoy. 
And if we conſider, that Jupiter never has any winter, even at his 
Poles; which probably is alſo. the caſe with Saturn, the cold cannot 


All our heat be ſo intenſe on theſe two Planets as is generally imagined.-. Beſides, 
— mor = there may be. ſomething .in their nature or ſoil much warmer: than in 


rays. that of our Earth: and we find that all our heat depends not on the 
5 rays of the Sun; for if it did, we ſhould always! have the ſame months 
-; equally hot or. cold at their annual. returns. ut it is far otherwiſe, for 


February is ſometimes warmer than Mos: which! cauſe de e pee 8. 
oy rs and exhalations from the Earth. , 


86. Every Wa A Joakes upon, 1 e 8 3 6G 

Moons tpgether, which. belong to Jupiter and Saturn, muſt be amazed 

at the va. ma nitude of theſe two Planets, and the noble attendance 

they have in reſpeck of our little Earth: and can never bring himſelf to 

think, that an infinitely wiſe Creator ſhould diſpoſe of all his animals 

| and vegetables here, leaving; the other Planets bare and deſtitute of = 
It is highly rational creatures, TO ſuppoſe that he had any view to our Benefit, 
8 that in creating theſe Moons and giving them their motions round Jupiter | 

\areinhabited, and Saturn; to imagine that he intended theſe vaſt Bodies for any ad- 

vantage to us, when he well knew that they could never be ſeen but 

by a few. Aſtronomers peeping through teleſcopes ; and that he gave to 
the Planets: regular returns of days and nights, and different ſeaſons to 

| all whero wes would be convenient; but. of no manner of ſervice to us, 

: | . „ e rn 
| except 


. 
- 
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except only what immediately regards out own Planet the Earth; t6 PLATE I. 
imagine, I ſay, that he did all this on our account, would be charging 
him impiouſly with having done much in vain: and as aturd, as to 
imagine that he has created a little Sun and a Planetary Syſtem within 
the ſhell of our Earth, and intended them for our uſe. Theſe con- 
| ſiderations amount to little leſs than a poſitive proof, that all the Planets 
are inhabited: for if they are not, why all this care in furniſhing- them 
with ſo many Moons, to ſupply thoſe with light which are at the greater 
diſtances from the Sun? Do we not ſee, that the farther a Planet is 
from the Sun, the greater Apparatus it has for that purpoſe ? fave onyx 
Mars; which being but a (mall Planet, may have Moons. too ſmall to be 
ſeen by us. We know that the Earth gees round the Sun, and turns | 
round it's own Axis, to produce the vicifhtudes of ſummer and winterby. 
the former, and of day and night by the latter motion, for the benefit of it's 
inhabitants. May we not then fairly conclude, by parity of reafon, that 
the end and deſign of all the other Planets is the ſime?--arid is not this | , 
agreeable to the beautiful harmony which: exiſts throughout the Uni- ; 
verſe? Surely it is: and raiſes in us the moſt magnificent ideas of the 
SUPREME BEING, who is every where, and at all times preſent; 
diſplaying his power, wiſdom and goodneſs, among all his creatures ! 
and diſtributing happineſs to innumerable tanks of various beings! 
Fol ogB3 $ewrwls GE 015 eons 055 pSpartin®: d 5 
87. In Fig. 2d, we have a view of the proportional breadth of the rig: II. 
Sun's face or di{c; as ſeen from the different Planets: The Sum is repre- How the vun 
ſented No 1, as ſeen from Mercury; N. 2, as ſeen from Venus; Ne 3, as f Rears to the | 
ſeen from the Earth; Ne 4, as ſeen from Mars; Ne 5 as ſeen from 1 
8 Jupiter ; and No 6, as ſeen from Saturn. 2b. ED 318 CRT %3 70a "64 311 
Let the.circle be the Sun as ſeen from any Planet, at ᷣ given dif Fig. III. 
tance; to another Planet, at double that diſtance, the Sun will appear juſt ok 
of half that breadth, as A; which contalris only one foutth-part ef te 
area, or ſurface of B. For, all circles, as well às ſquare larfaces, are to 
one another, as the ſquares of their diameters. Thus, the ſquare A is juſt Fig. V. 
half as broad az the ſquar- N; and yet it is plain to ſight,” that I contains | 
four times as uch ſurface as A. Hence, by comparing diameters of 
the above Circles (Fig, II.) together, it will be found, that in roumd num- 
bers, the Sun appears y times larger to Mercury than to us, 90 tim̃es larger 
ta us than to Saturn; and 630 times as large to Mercury as to 8aturn. 

88. In Fig. 5th, we have a view of the bulks of the Planets i propor- Fig. V. 
tion to each other, and to a ſuppoſed globe of two feet diameter for the 8 
gu. The Earth is 27 times as big as Mercury, very little bigget than Proportional 
Venus, 5 times as big as Mars; but Jupicet is 1049 times as big as the diſtances of 
abs : E : Earth, the Planets. 
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PLATE 1. Earth, Saturn 586 times as big, excluſive of his Ring; and the Sun is 85 
thouſand 650 times as big as the Earth. If the Planets in this Figure 
were ſet at their due diſtances from a Sun of two feet diameter, according 

to their proportional bulks, as in our Syſtem, Mercury would be 28 yards 
from the Sun's center; Venus 51 yards 1 foot; the Earth 70 yards 2 feet; 
Mars 107 yards 2 feet; Jupiter 370 yards 2 feet; and Saturn 760 yards 
2 feet. The Comet of the year 1680, at it's greateſt * diſtance, 10 
thouſand 760 yards. In this proportion, the Moon's diſtance from the 
center of the Earth would be only 7+ inche. „ 

An idea f 89. To aſſiſt the imagination in forming an idea of the vaſt diſtances 

— of the Sun, Planets, and Stars, let us ſuppoſe, that a body projected 
from the Sun ſhould continue to fly with the ſwiftneſs of a cannon- ball; 
7, e. 480 miles every hour; this body would reach the Orbit of Mercury, 
in 7 years 221 days; of Venus, in 14 years 8 days; of the Earth, in 
19 years 91 days; of Mars, in 29 years 8 5 days; of Jupiter, in 100 
years 280 days; of Saturn, in 184 years 240 days; to the Comet of 
1680, at it's. greateſt diſtance from the Sun; in 2660 years; and t 

the neareſt fixed Stars in about y million GO thouſand years. 
90. As the Earth is not the center of the Orbits in which the Planets 
move, they come nearer to it and go farther from it, and at different 

Why the Pla- times; on which account they appear bigger and leſs by turns. Henee, 


,,, ̃ ⅛˙ 7X4, ̃˙—w'.! rule to 
J e . UE a Dn nts 
ſerent times. qr. Under Fig. 3, are the names and characters of the twelve Signs 
ke 4665 of the Zodiac, which the Reader ſhould be perfectly well acquainted 
wõith; ſo as to know the characters without ſeeing the names. Every 

Fig. I. Sign contains 30 degrees, as in the Circle bounding the Solar Syſtem ; 

to which the characters of the Signs are ſet in their proper places. 


— 


The Comets. 92. The Coms are ſolid opaque bodies, with long tranſparent 
ttrains or tails, iſſuing from that fide which is turned away from the 
Sun. They move about the Sun, in very excentric ellipſes; and are 
of a much greater denſity than the Earth; for ſome of them are 
heated in every Period to ſuch a degree, as would vitrify or diflipate 
any ſubſtance known to us. Sir Is AAc NEwToN computed the heat 
of the Comet which appeared in the year 1680, when neareſt the 
Sun, to be 2000 times hotter than red-hot iron, and that being thus 
heated, it muſt retain it's heat until it comes round again, although 
it's Period ſhould be more, than twenty thouſand years; and it is com- 
puted to be only 575. The method of computing the heat of bodies, 
keeping at any known diſtance from the Sun, ſo far as — 6 
"4 {at} 8 ; 1 pends 
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pends on the force of the Sun's rays, is very eaſy; and ſhall be ex- PLATE I. 
plained. in the eighth Chapter. 

3. Part of the Paths of three Comets are delineated in the Scheme Fig. I. 
of the Solar Syſtem, and the years marked in which they made their They prove 
appearance.” It is believed, that there are at leaſt 21 Comets belonging to __ — 2 
our Syſtem, moving in all ſorts of directions: and all thoſe which have Planets are 
been obſerved, have moved through the ethereal Regions and the Orbits not ſolid. 
of the Planets without ſuffering the leaſt ſenſible reſiſtance in their mo- 
tions; which plainly proves that the Planets do not move in ſolid Orbs. 
Of all the Comets, the Periods of the above-mentioned three only are The Periods 
known with any degree of certainty, The firſt of theſe Comets appeared a. pally or 520g 


ip the years 1531, :1607, and 1682 ; and is expected to appear again © mp 


in the year 1758, and every 7 5th year afterwards. The ſecond of them 
appeared in 1532 and 1661, and * be expected to return in 1789, 
and every 129th year afterwards. e third, having laſt appeared in 
1680, and it's Period being no leſs — 575 years, cannot return until 
the year 2225. This Comet, at it's greateſt diſtance, is about 11 thou - 
ſand two hundred millions of miles from the Sun; and at it's leaſt diſ- 
tance from the Sun's center, which is 490,000 miles, is within leſs than 
a third part of the Sun's ſemidiameter from his ſurface. In that part of 
It's Orbit which is neareſt the Sun, it flies with the amazing ſwiftneſs 
of 880,000 miles in an hour; and the Sun, as ſeen from it, appears an 
hundred degrees i breadth ; conſequently, 40 thouſand times as large 


as he appears to us The aſtoniſhing length that this Comet runs out They prove _ 


into empty Space, jupgeſts to our minds an idea of the vaſt diſtance be- te Stars to 


{ | 
tween the Sun and the neareſt fixed Stars; of whoſe Attractions all the — 2 


Comets muſt keep clear, to return periodically, and go round the Sun; 

and it ſhews us alſo, that the neareſt Stars, which are probably thoſe 

that ſeem the largeſt, are as big as our Sun, -and of the ſame nature with 

him ; otherwiſe, they could not appear 0 large and bright to us as they 

do at ſuch an immenſe diſtance. 

94. The extreme heat, the denſo hors, the groſs vapours, the Inferences 


chaotic ſtate of the Comets, ſeem at firſt fight to indicate them altoge- m_— 25 


ther unfit for the purpoſes of animal life, and a moſt miſerable habitation phenomena. 


for rational beings ; and therefore * ſome are of opinion that they are ſo 
many hells for tormenting the damned with perpetual viciſſitudes of heut 
and cold. But when we conſider, on the other hand, the infinite power 
and goodneſs of the Deity ; the latter inclining, and the former enabling 
bim to make creatures ſuited to all ſtates and circumſtances; that mat- 
ter exiſts only for the ſake, of intelligent beings; and that ng we 
bas 1. Me — in his n Principles of Religion.: - 
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find it, we always find it pregnant with life, or neceſſarily ſubſervient 
thereto ; the numberleſs ſpecies, the aſtoniſhing diverſity of animals in 
earth, air, water, and even on other animals z every blade of graſs, every 
tender leaf, every natural fluid, (warming with life; and every one of 
theſe enjoying ſuch gratifications as the nature and ſtate of each requires: 
when we refle& moreover that fome centuries ago, til} ny un- 


deceived us, a great part of the Barth was judged uninhabitable the 
'Forrid Zone by reaſon of exceſlive heat, and the two Frigid Zones be- 
cauſe of their intolerable cold; it ſeems highly probable, that ſuch nu- 
_ merous and large maſles of durable matter as the Comets are, however 
unlike they be to our Earth, are not deſtitute of beings capable of con- 
templating with wonder, and acknowledging with 1 the wiſdom, 
ſymtmetry, and beauty of the Creation; which is more plainly to be 
obſerved in their extenſive Tour through the Heavens, than in our mare 
confined Circuit, If farther conjeQure is permitted, may we not _— 
them inſtrumental in recruiting the expended fuel of the Sun; and 
plying the exhauſted moiſture of the Planets > However difficult it may 
be; cſteumſtaneed as Wo are, to find out their particular deſtination, this 
is a undoubted truth, that wherever the Deity exerts his power, there 


. * 


he alſo manifeſts his wiſdom and goodneſs, 


This Syſtem 95. THE SOLAR SYSTEM here deſcribed is not a late in- 
ancient, vention; for it was known and taught by the wiſe Samian philoſopher 


"''PyTHAGORAS, and others among the ancients; but in latter times was 
loſt, "tilt the 15th century, when it was again reſtored by the famous 
Poliſb philoſopher, NICHOL aus Copernicus, who was born at Thorn 
in the year 1473. In this, he was followed by the greateſt mathema- 
ticians and philoſophers that have ſince lived; as KEILER, GAL1L No, 
 DescARPEs, GassEnDus, and Sir IsA Ac Newron; the laſt of whom 
has eſtabliſned this Syſtem on ſuch an everlaſting foundation of mathe- 
matical and phyſical demonſtration, as can never be ſhaken? and none 

ho underſtand him can heſitate about it. | 
96. In the Ptolemean' Syſtem the Earth was ſuppoſed to be fixed in the 


Sylem Center of the Univerſe; and that the Moon, Mercury, Venus, the Sun, 


Mars, Jupiter, and Saturn, moved round the Earth: above the Planets, 
his Hypotheſis placed the Firmament'of Stars, and then the two Cry- 
ſtalline Spheres; all which were included in and received motion from the 
Primum Mobile, which conſtantly revolved about the Earth in 24 hours, 
from Eaſt to Weſt. But as this rude Scheme was found incapable to 


ſtand the teſt ef art and obſervation, it was ſoon rejecłed by all true phi- 


loſophers; notwithſtanding the oppoſitien and violence of blind and 
_ zealous bigots. 8 7 97. The 
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97, The Tyehonic Sytem ſueceeded the Prolemean, but was never fo The Tycho- 
generally received, In this the Earth was ſuppoſed to ſtand ſtill in the ie bens 
Center of the Univerſe or Firmament of Stars, and the Sun to revolve gud partly 
about it every 24 hours ; the Planets, Mercury, Venus, Mars, Jupiter, falle. 
and Saturn, going round the Sun in the times already mentioned, But 
ſome of TYyeno's diſciples ſuppaſed the Earth to have a diurnal motion 
round it's Axis, and the Sun with all the above Planets to go round the 
Earth in a year; the Planets moving round the Sun in the foreſaid times. 
This hypotheſis, being partly true and png. falſe, was embraced by 
few z and ſoon gave way to the only true and ratienal Syſtem, reſtored 
by CopgRNicus and demonſtrated by Sir Is AAC NewToN, 
98. To bring the foregoing particulars at once in view, with ſeveral 
ethers which follow, concerning the Periods, Diſtances, Bulks, Ce. 
of the Planets, the following Table is inſerted, 
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The Copernican Syſtem demonſtrated to be true. TT: 


CHA MM 


The CO PERN I CAN SYSTEM OR 70 be 
1 YUes | 
99. | ATTER is of itſelf inactive, and indifferent to motion or Of matterand 


reſt. A body at reſt can never put itſelf in motion; a body motion. 
in motion can never ſtop nor move ſlower of itſelf. Hence, when we 
| ſee a body in motion, we conclude ſome other ſubſtance muſt have 
given it that motion ; when we ſee a body fall from motion to reſt, we 
conclude ſome other body or cauſe ſtopt it. 

100. All motion is naturally rectilineal. A bullet thrown by the 
hand; or diſcharged from a cannon, would continue to move in the 
fame direction it received at firſt, if no other power diverted it's courſe. 
Therefore, when we ſee a body moving in a curve of whatever kind; 
we conelude it muſt be acted upon by two powers at leaſt : one to put 
it in motion, and another drawing it off from the rectilineal courſe 
which it would otherwiſe have continued to move in. 

101. The power by which bodies fall towards the Earth, is called 3 de- 
Gravity or Attraction. By this power in the Earth it is, that all bodies, monſtrable. 
on whatever ſide, fall in lines perpendicular to it's ſurface. On oppoſite 
parts of the Earth bodies fall in oppoſite directions, all towards the-center 
vhere the whole force of gravity is as it were accumulated. By this 
power conſtantly acting on bodies near the Earth they are kept from 
leaving it altogether; and thoſe on it's ſurface are kept thereto on all 
fides, ſo that they cannot fall from it. Bodies thrown with any oblis 
quity are drawn by this power from a ſtraight line into a curve, until 
they fall to the ground: the greater the force by which they. are 
thrown, the greater is the diſtance they are carried before they fall. 

If we ſuppoſe a body carried ſeveral miles above the Earth, and there 
projected in an horizontal direction with fo great a velocity, that it 
would move more than a ſemidiameter of the Earth, in the time it 
would take to fall to the Earth: by gravity ; in that can if there were 
no reſiſting medium in the way, the body would not fall to the Earth. | 
at all, but continue to circulate round the Earth, keeping always the | * 
fame path, and returning to the point from whence it was projected, | 
with the fame velocity as at firſt. - | 
102. We find the Moon moves round the Earth in an Orbit nearly projectile 
circular. The Moon therefore muſt be acted on by two powers or able demon- 
forces; one which would cauſe her to move in a right line, another 
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bending her motion from that line into a curve. This attractive power 
muſt be ſeated in the Earth; for there is no other body within the 
Moon's Orbit to draw her. The attractive power of the Earth there- 
fore extends to the Moon; and, in combination with her projectile force, 
cauſes her to move cow the Earth in the ſame manner as the circu- 
lating body above ſuppoſed. 

103. The Moons of Jupiter and Saturn are obſerved to move round 
their primary Planets : therefore there is ſuch a power as gravity in 
theſe Planets. All the Planets move round the Sun, and reſpect it for 
their center of motion : therefore the Sun muſt be endowed with an at- 
tracting force, as well as the Earth and Planets. The like may be proved 
of the Comets. So that all the bodies or matter in the Solar Syſtem are 
poſſeſſed of this power; and perhaps ſo is all matter whatſoever, 

104. As the Sun attracts the Planets with their Satellites, and the 
Earth the Moon, fo the Planets and Satellites re- attract the Sun, and 
the Moon the Earth: action and re-aCtion being always equal. This 
is alfo confirmed by obſervation ; for the Moon raiſes tides in the ocean, 
the Satellites and Planets diſturb one another's motions. 


108. Every particle of matter being poſſeſſed of an attracting power, 


the effect of the whole muſt be in proportion to the number of attract- 
ing particles; that is, to the quantity of matter in the body. This is 
demonſtrated from experiments on pendulums : for, if they are of equal 
lengths, whatever their weights be, they always vibrate in equal times. 


Now, if one be double the weight of another, the force of gravity or 


attraction muſt be double to make it oſcillate with the ſame celerity: 
if one is thrice the weight or quantity of matter of another, it requires 
thrice the force of gravity to make it move with the ſame celerity. 
Hence it is certain, that the power of gravity is always proportional to 
the quantity of matter in bodies, whatever their bulks or figures are. 
106. Gravity alſo, like all other virtues or emanations, either draw- 
ing or impelling a body towards a center, decreaſes as the ſquare of the 
diſtance increaſes : that is, a body at twice the diſtance attracts another 
with only a fourth part of the force; at four times the diſtance, with a 
Fixteenth part of the force. This too is confirmed from obſervation, by 
comparing the diſtance which the Moon falls in a minute from a right 
line touching her Orbit, with the ſpace which bodies near the Earth fall 
in the ſame time: and alſo by comparing the forces which retain Jupiters 
. in their Orbits. This will be more folly explained in the ſeventh 
Chapter. 
10%. The mutual Amden of bodies may be e by a boat 
and a ſhip on the Water, tied * a rope. Let a man either in ſhip or 
boat 
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boat pull the rope (it is the ſame in effect at which end he pulls, for 


the rope will be equally ſtretched throughout) the ſhip and boat - 


will be drawn towards one another; but with this difference, that the 
boat will move as much faſter than the ſhip, as the ſhip is heavier than 
the boat. Suppoſe the boat as heavy as the ſhip, and they will draw 
one another equally (ſetting aſide the greater reſiſtance of the Water 
on the bigger body) and meet in the middle of the firſt diſtance be- 
tween them. If the ſhip is a thouſand or ten thouſand times heavier 


than the boat, the boat will be drawn a thouſand or ten thouſand times 


faſter than the ſhip; and meet proportionably nearer the place from 
which the ſhip ſet out. Now, whilſt one man pulls the rope, endea- 
vouring to bring the ſhip and boat together, let another man, in the 


boat, endeavour to row it off ſidewiſe, or at right Angles to the rope; 


and the former, inſtead of being able to draw the boat to the ſhip, will 
find it enough for him to keep the boat from going further off; whilſt 
the latter, endeavouring to row off the boat in a ſtraight line, will, by 
means of the other's pulling it towards the ſhip, row the boat round 
the ſhip at the rope's length from her. Here, the power employed to 
draw the ſhip and boat to one another repreſents the mutual attraction 


of the Sun and Planets, by which the Planets would fall freely towards 


the Sun with a quick motion; and would alſo in falling attract the Sun 


towards them. And the power employed to row off the boat repreſents 


the projectile force impreſſed on the Planets at right angles, or nearly 
ſo, to the Sun's attraction ; by which means the Planets move round the 
Sun, and are kept from falling to it. On the other hand, if it be at- 
tempted to make a heavy ſhip go round a light boat, they will meet 
ſooner than the ſhip can get round ; or the ſhip will drag the boat after it. 


108, Let the above principles be applied to the Sun and Earth; and 
they will evince, beyond a poſſibility of doubt, that the Sun, not the 
Earth, is the center of the Syſtem ; and that the Earth moves round 
the Sun as the other Planets do. gs vu „ mn of ir 

For, if the Sun moves about the Earth, the Earth's attractive power 
muſt draw the Sun towards it from the line of projection ſo, as to bend 
it's motion into a curve. But the Sun being at leaſt 227 thouſand times 


as heavy as the Earth, by being ſo much weighter as it's quantity of 


matter is greater, it muſt move 227 thouſand times as ſlowly toward the 


Earth, as the Earth does toward the Sun; and conſequently the Earth 


would fall to the Sun in-a ſhort time, if it had not a very ſtrong pro- 


jectile motion to carry it off. The Earth therefore, as well as evey 


other Planet in the Syſtem, muſt have a rectilineal impulſe, to prevent 
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Theabſurdityit's falling into the Sun. To ſay, that gravitation retains all the other 
of ſuppoling Planets in their Orbits without affecting the Earth, which is placed be- 


the Earth at 
reſt. 


tween the Orbits of Mars and Venus, is as abſurd as to ſuppoſe that ſix 


cannon- bullets might be projected upwards to different heights in the 
Air, and that five of them ſhould fall down to the ground ; but the ſixth, 


which is neither the higheſt nor the loweſt, ſhould remain ſuſpended 


in the Air without falling, and the Earth move round about it. | 
109. There is no ſuch thing in nature as a heavy body moving round 
a light one as it's center of motion. A pebble faſtened to a mill- ſtone 


by a ſtring, may by an eaſy impulſe be made to circulate round the mill- 


ſtone: but no impulſe can make a mill-ſtone circulate round a looſe 
pebble, for the heavieſt would undoubtedly carry the lighteſt along 
with it wherever it goes. | | 

110. The Sun is ſo immenſely bigger and heavier than the Earth *, 
that if he was moved out of his place, not only the Earth, but all the 


other Planets, if they were united into one maſs, would be carried along 


with the Sun, as the pebble would be with the mill-ſtone. 
111. By conſidering the law of gravitation, which takes place through- 
out the Solar Syſtem, in another light, it will be evident that the Earth: 


The harmony moves round the Sun in a year; and not the Sun round the Earth. It 


of the celeſtial 


motions. 


has been ſhewn (5 106) that the power of gravity: decreaſes as the 


| ſquare of the diſtance increaſes : and from this it follows with mathe- 


matical certainty, that when two or more bodies move round another 


as their center of motion, the ſquares of their periodic times will be 
to one another in the ſame proportion, as the cubes of their diſtances 
from the central body. This holds preciſely with regard to the Planets 
round the Sun, and the Satellites round the Planets; the relative di- 
ſtances of all which, are well known. But, if we ſappoſe the Sun 


to move round the Earth, and compare it's period with the Moon's 


by the above rule, it will be found that the Sun would take no leſs 
than 173,510 days to move round the Earth, in which caſe onr year 
would be 475 times as long as it now is. To this we may add, that 
the aſpects of increaſe and decreaſe of the Planets, the times of their 
ſeeming to ſtand" ſtill, and to move direct and retrograde, anſwer pre- 
ciſely to the Earth's motion; but not at all to the Sun's, without intro- 
ducing the moſt abſurd and monſtrous ſuppoſitions, which would de- 
ſtroy alt harmony, order, and ſimplicity in the Syſtem. Moreover, if 


the Earth is ſuppoſed to ſtand ſtill, and the Stars to revolve in free 


ſpaces about the Earth in 24 hours, it is certain that the forces by 
which the Stars revolve in their Orbits are not directed to the Earth, 
—92 * As will be demonſtrated in the ninth Chapter. | * | 
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but to the centers of ſeveral Orbits; that is, of the ſeveral parallel The abſur- 
Circles which the Stars on different ſides of the equator deſcribe every dt of ay 
day: and the like inferences may be drawn from the ſuppoſed diurnal — 
motion of the Planets, ſince they are never in the Equinoctial but twice, Planets to 
in their courſes with regard to the ſtarry Heavens. But, that forces 3 
ſhould be directed to no central body, on which they phyſically depend, 
but to innumerable imaginary points in the Axe of the Earth produced 
to the Poles of the Heavens, is an hypotheſis too abſurd to be allowed of 
by any rational creature. And it is ſtill more abſurd to imagine that 
theſe forces ſhould increaſe exactly in proportion to the diſtances from 
this Axe; for this is an indication of an increaſe to infinity; whereas | 
the. force of attraction is found to decreaſe in receding from the foun- | 
tain from whence it flows. But, the farther that any Star is from the | Wy | 
quieſcent Pole, the greater muſt be the Orbit which it deſcribes ; and - i 
yet it appears to go round in the ſame time as the neareſt Star to the Pole 
does. And if we take into conſideration the two-fold motion obſerved 
in the Stars, one diurnal round the Axis of the Earth in 24 hours, and 
the other round the Axis of the Ecliptic in 25920 years, & 251, it would 
require an explication of ſuch a perplexed compoſition of forces, as 
could by no means be reconciled with any phyſical Theory. 


4.5% Tl 
— . R 
* — — — 


112. There is but one objection of any weight that can be made Objection- | 
againſt the Earth's motion round the Sun; which is, that in oppoſite S n the "i 
points of the Earth's Orbit, it's Axis, which always keeps a parallel on anfwered. 
direction, would point to different fixed Stars; which is not found to be 

fact. But this objection is eafily removed, by confidering the immenſe 
diſtance of the Stars in reſpe& of the diameter of the Earth's Orbit ; 
the latter being no more than a point when compared to the former. 
If. we lay a ruler on the ſide of a table, and along the edge of the ruler 
view the top of a ſpire at ten miles diſtance ; then lay the ruler on the 
oppoſite fide of the table in a parallel ſituation to what it had before, 
and the ſpire will ſtill appear along the edge of the ruler ; becauſe our 
eyes, even when aſſiſted by the beſt inſtruments, are incapable of diſtin- 
guiſhing ſo ſmall a change at ſo great a diſtance. 1% 
113. Dr. BRADpI EY, our preſent Aſtronomer Royal, has found by 
a long ſeries of the moſt accurate obſervations, that there is a ſmall 
apparent motion of the fixed Stars, occaſioned by the aberration of their 
light, and ſo exactly anſwering to an annual motion of the Earth, as 
evinces the ſame, even to a mathematical demonſtration. Thoſe who 
are qualified to read the Doctor's modeſt Account of this great diſcovery, 
may conſult the Philofophical J. e No 406. Or they may find 
5 2 | it 
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36 
it treated of at large by Drs. SMITH “*, Long , DrSsAaCULIERS +, 
RUTHERFURTH ||, Mr. MAcLAuRIN, and M. DE La CAILLE XX. 
Why the Sun 114. It is true that the Sun ſeems to change his place daily, fo as to 
appears, make a tour round the ſtarry Heavens in a year. But whether the 
cChange his | . . 
Place. Earth or Sun moves, this appearance will be the ſame; for, when the 
| Earth is in any part of the Heavens, the Sun will appear in the oppoſite. 
And therefore, this appearance can be no objection againſt the motion 
of the Earth. : F VNN | 
115. It is well known to every perſon who has failed on ſmooth 
Water, or been carried by a ſtream in a calm, that however faſt the 
veſſel goes, he does not feel it's progreſſive motion. The motion of the 
Earth is incomparably more ſmooth and uniform than that of a ſhip, 
or any machine made and moved by human art : and therefore it is 
not to be imagined that we can feel it's motion. | 
The Farth's 1 16. We find that the Sun, and thoſe Planets on which there are 
motion on viſible ſpots, turn round their Axes: for the ſpots move regularly over 
| rated: © their Diſks ++. From hence we may reaſonably conclude that the 


other Planets, on which we ſee no ſpots, and the Earth, which is like- 
wiſe a Planet, have ſuch rotations. But being incapable of leaving the 


Earth, and viewing it at a diſtance, and it's rotation being ſmooth and 


uniform, we can neither ſee it move on it's Axis as we do the Planets, 
nor feel ourſelves affected by it's motion. Yet there is one effect of 
ſuch a motion, which will enable us to judge with certainty whether 
the Earth revolves on it's Axis or not. All Globes which do not turn 
round their Axes will be perfect ſpheres, on account of the equality of 
the weight of bodies on their ſurfaces ; eſpecially of the fluid parts. But 
all Globes which turn on their Axes will be oblate ſpheroids; that is, 
their ſurfaces will be higher, or farther from the center, in the equa- 
toreal than in the polar Regions: for, as the equatoreal parts move 


' quickeſt, they will recede farther from the Axis of motion, and enlarge 


0 Vol. I. P. 401. 


the equatoreal diameter. That our Earth is really of this figure, is. 
demonſtrable from the unequal vibrations of a pendulum, and the 
unequal lengths of degrees in different latitudes. Since then the 


Earth is higher at the Equator than at the Poles, the ſea, which naturally 


runs downward, or towards the places which are neareſt the center, 
would run towards the polar Regions, and leave the equatoreal parts dry, 
if the centrifugal force of theſe parts; by which the waters were carried. 

* Optics, B. I. § 1178. + Aſtronomy, B. II. I 838. 5 Philoſophy, 


Account of Sir Iſaac Newton's Philoſophical Diſcoveries, B. III. 
8 * Elements d' Aſtronomie, § 381. ; | 


r Thefaceof the Sun, Moon, or any Planet, as it appears to the eye, is called it's Diſc, 
8. | thither, 
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thither, did not keep them from returning. The Earth's equatoreal 
diameter is 35 miles longer than it's Axis. 1 

117. Bodies near the Poles are heavier than thoſe towards the Equa- All bodies 
tor, becauſe they are nearer the Earth's center, where the whole force —_— the 
of the Earth's attracton is accumulated. - They are alſo heavier, becauſe 2 
their centrifugal force is leſs, on account of their diurnal motion being be at the 
flower. For both theſe reaſons, bodies carried from the Poles toward EAualr. 
the Equator, gradually loſe of their weight. Experiments prove that a 
pendulum, which vibrates ſeconds near the Poles, vibrates ſlower near 
the Equator, which ſhews that it is lighter or leſs attracted there. To 
make it oſcillate in the ſame time, it is found neceſſary to diminith it's 
length. By comparing the different lengths of pendulums ſwinging 
ſeconds at the Equator and at London, it is found that a pendulum muſt 
be 215 lines ſhorter at the Equator than at the Poles. A line is a 
twelſth part of an inch. 5 

118. If the Earth turned round it's Axis in 84 minutes 43 ſeconds, How they 
the centrifugal force would be equal to the power of gravity at the Equa- T'zht loie all 
tor; and all bodies there would entirely loſe their weight. | If the s. 
Earth revolved quicker, they would all fly off, and leave it. 

119. One on the Earth can no more be ſenſible of it's undiſturbed The Earth's. 
motion on it's Axis, than one in the cabbin of a ſhip on ſmooth water can motion can- 

A ; not be felt. 

be ſenſible of her motion when ſhe turns gently and uniformly round. 
It is therefore no argument againſt the Earth's diurnal motion that we do 
not feel it: nor is the apparent revolutions of the celeſtial bodies every 
day a proof of the reality of theſe motions ; for whether we or they re- 
volve, the appearance is the very ſame. A perſon looking through the 
cabbin-windows of a ſhip as ſtrongly fancies the objects on land to go 
round when the ſhip turns, as if they were actually in motion. 
120. If we could tranſlate ourſelves ſrom Planet to Planet, we ſhould 
ſtill find that the Stars would appear of the fame magnitudes, and at the 
ſame diſtances from each other, as they do to us here; becauſe the width 
of the remoteit Planet's Orbit bears no ſenfible proportion to the diſtance 
of the Stars. But then, the Heavens would ſeem to revolve about very To the dif- 
different Axes ; and conſequently, thoſe quieſcent Points, which: are ferent Flanets 
our Poles. in the Heavens, would ſeem to revolve about other „ ora 
which, though apparently in motion as ſeen from the Earth, would be round on dif- 
at reſt as ſeen from any other Planet. Thus the Axis of Venus, rent Axes. 
which lies almoſt at right Angles to the Axis of the Earth, would have 
it's motionleſs Poles in two oppoſite points of the Heavens lying almoſt 
ur our Equinoctial, where the motion appears quickeſt, becauſe it is 

| | 7 ſeemingly: 


8 


Objedtions anſwered. 


ſeemingly performed in the greateſt Circle. And the very Poles, which 
are at reſt to us, have the quickeſt motion of all as ſeen from Venus. 
To Mars and Jupiter the Heavens appear to turn round with very dif- 
ferent velocities on the ſame Axis, whoſe Poles are about 233 degrees 
from ours. Were we on Jupiter, we ſhould be at firſt amazed at the 


rapid motion of the Heavens; the Sun and Stars going round in ꝙ hours 


56 minutes. Could we go from thence to Venus, we ſhould be as much 


ſurpriſed at the ſlowneſs of the heavenly motions ; the Sun going but 


once round in 584 hours; and the Stafs in 540. And could we go 
from Venus to the Moon, we ſhould ſee the Heavens turn round with 


a yet ſlower motion; the Sun in 708 hours, the Stars in 655. As it is 


impoſſible theſe various circumyolutions in ſuch different times, and on 
ſuch different Axes, can be real, ſo it is unreaſonable to ſuppoſe the 
Heavens to revolve about our Earth more than it does about any other 
Planet. When we reflect on the vaſt diſtance of the fixed Stars, to 
which 162,000,000 of miles, the diameter of the Earth's Orbit, is but 
a point, we are filled with amazement at the immenſity of their diſ- 
tance. But if we try to frame an idea of the extreme rapidity with 
which the Sars muſt move, if they move round the Earth in 24 hours, 
the thought becomes ſo much too big for our imagination, that we can 


- No. More conceive it than we do infinity or eternity. If the Sun was to 


go round, the Earth in 24 hours, he muſt travel upwards of 300,000 
miles in a minute: but the Stars being at leaſt 400,000 times as far 


from the Sun, as the Sun is from us, thoſe about the Equator muſt move 


400, ooo times, as quick. And all this to ſerve no other purpoſe than 
what can be as fully and much more ſimply obtained by the Earth's 
turning round eaſtward, as on an Axis, every 24 hours, cauſing thereby 


an apparent diurnal motion of the Sun weſtward, and bringing abcut 


Objections 
againſt the 
Earth's diur- 
nal motion 
anſwered. 


the alternate returns of day and night. 


121. As to the common n ad the Eaith's motion on it's | 
Axis, they are all eaſily anſwered and ſet aſide. That it may turn with- 
out being ſeen or felt by us to do ſo, has been already ſhewn, F 119. 


But ſome are apt to imagine that if the Earth turns eaſtward (as it 


certainly does if it turns at all) a ball fied perpendicularly upward in 
the air muſt. fall conſiderably weſtward of the place it was projected 


from. This objection, which at firſt ſeems to have ſome weight, will 


be found to have. none at all, when we conſider that the gun and ball 
partake of the Earth's motion; and therefore the ball being carried 


forward with the air as quick as the Earth and air turn, muſt fall down 


on the ſame place. A ſtone let fall from the top of a main-maſt, if 
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Objeftions anſwered, 


it meets with no obſtacle, falls on the deck as near the foot of the 
maſt when the ſhip fails as when it does not. If an inverted” bottle, 
full of liquor, be hung up to the cieling of the cabbin, and a ſmall 
hole be made in the cork to let the liquor drop through on the floor, 


the drops will fall juſt as far forward on the floor when the ſhip fails 
as when it is at reſt. And gnats or flies can as eaſily dance among 


one another in a moving cabbin as in a fixed chamber. As for thoſe 
{cripture expreſſions which ſeem to contradict the Earth's motion, this 


general anſwer may be made to them all, v72z. it is plain from many 


inſtances that the Scriptures were never intended to inſtruct us in Phi- 
lofophy or Aſtronomy ; and therefore, on thoſe ſubjects, expreſſions 


are not always to be taken in the ſtricteſt ſenſe ; but for the moſt part 


as accommodated to the common apprehenſions of mankind, Men of 
ſenſe in all ages, when not treating of the ſciences purpoſely, -have 
followed this method : and it would be in vain to follow any other 'in 
addreſſing ourſelves to the vulgar, or bulk of any community. Moſes 
calls the Moon A GREAT LUMINARY (as it is in the He- 
brew) as well as the Sun: but the Moon is known to be an opaque 
body, and the ſmalleſt that Aſtronomers have obſerved in the Hea- 
vens ; and ſhines upon us not by any inherent light of it's own, but 


by reflecting the light of the Sun. If Moſes had known this, and told. 


the raelites ſo, they would have ſtared at him; and conſidered him 
rather as a madman than as a perſon commiſſioned. by the Almighty 
-t0 betheit leader, e i en TO SR 
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The Phenomena of the Heavens as ſeen from different parts | 


of the Barth, 


122. W E are kept e to the Farth's ſurface on all ſides by the power we NG 
of it's central attraction; which, laying hold of all bodies to the Earth 


according to their denſities or quantities of matter without regard to by gravity. 


their bulks, conſtitutes what we call their welgbr. And having the 
ſky over our heads, go where we will, and our feet towards the center 


of the Earth, we call it 4p over our heads, and down under our feet: 
although the ſame right line which is dn to us, if continued threugh 

and beyond the oppoſite ſide of the Earth, would be wp'to the inhabi- - 
tants on the oppoſite ſide. For, the inhabitants u, i, e, m, 5s, o, 9, | 
ſtand with their feet toward the Earth's center C; and have OO 


— 


* 


40 


Fig. I. 
Antipodes. 


Axis of the 
World. 


It's Poles. 
Fig. II. 


The Phenomena of the Heavens as ſeen 
PLATE II. figure of ſky N. J. E, M, S, O, Q. I over their heads. Therefore, the 


point S is as directly upward to the inhabitant s on the South Pole, 
as N is to the inhabitant 2 on the North Pole: fo is E to the inhabi- 


tant e, ſuppoſed to be on the north end of Peru; and 2 to the oppoſice 


inhabitant g on the middle of the iſland Sumatra. Each of theſe ob- 
ſervers is ſurpriſed that his oppoſite or Anti pode can ſtand with his head 


hanging downwards. But let either go tothe other, and he will tell him 


that he ſtood as upright and firm on the place where he was, as he now 
ſtands where he is. To all theſe obſervers the Sun, Moon and Stars, 
ſeem to turn round the points N and &, as the Poles of the fixed Axis 
NCS; becauſe the Earth does really turn round the mathematical 
line Cs as round an Axis, of which 7 is the North Pole and s the 


South Pole. The Inhabitant U (Fig. II.) affirms that he is on the up- 


permoſt fide of the Earth, and wonders how another at L can ſtand 


on the undermoſt fide with his head hanging downwards. But U in 


the mean time forgets that in twelve hours time he will be carried half 
round with the Earth, and then be in the very ſituation that L now is, 
although as far from him as before. And yet, when U comes there, 
he will find no difference as to his manner of ſtanding ; 'only he will 


ſee the oppoſite half of the Heavens, and imagine the Heavens to have 


How our 
Earth might 
have an up- 
per and an 
under ſide. 


gone half round the Earth, 


12. When we ſee a Globe hung up in a room, we cannot help 
imagining it to have an upper and an under fide, and immediately. 
form a like idea of the Earth; from whence we conclude, that it A ; 


as impoſſible for people to ſtand on the under fide of the Earth, as ſcr 


pebbles to lie on the under fide of a common Globe, which inſtantly _ 
fall down from it to the ground; and well they may, becauſe the at- 
traction of the Earth, being greater than the attraction of the Globe, 
pulls them away. Juſt ſo would be the caſe with our Earth, if it were 
placed near a Globe much bigger than itſelf, ſuch as Jupiter : for 

then it would really have an upper and an under fide with reſpe& to 
that large Globe; which, by it's Attraction, would pull away every 

thing from the ſide of the Earth next to it; and only thoſe on the 
top of the oppoſite or upper ſide could remain upon it. But there is 


no larger Globe near enough our Earth to overcome it's central attrac- 


tion; and therefore it has no ſuch thing as an upper and an under ſide: 


ſelf is taken away, and he left alone in the midſt of indefinite 8 


for all bodies on or near it's ſurface, even to the Moon, gravitate 


towards it's center. 1 4 t 
124. Let any man imagine that the Earth and every thing but him- 


S 
* he 


* 


from different Parts of the' Earl. 4 


he could then have no idea of 1 or down; and were his pockets full PLATE II. 
of gold, he might take the pieces one by one, and throw them away on 
all ſides of him, without any danger of loſing them; for the attraction 
of his body would bring them all back by the ways they went, and 
de would be down to every one of them. But then, if a Sun or any 
other large body were created, and placed in any part of Space ſeveral 
millions of miles from him, he would be attracted towards it, and could 
not ſave himſelf from falling down to irt. if 


125. The Farth's bulk is but a point, as that at C, compared to Fig. I. 
the Heavens; and therefore every inhabitant upon it, let him be where 
he will, as at 7, e, n, s, &c. fees half of che Heavens. Ihe inhabi- 
tant u, on the North Pole of the Earth, conſtantly ſees the Hemiſphere 
EN; and having the North Pole I of the Heavens juſt over his head. 
his * Horizon coincides with the Celeſtial Equator EC. Therefore One half of 
all the Stars in the Northern Hemiſphere ENC, between the Equator 3 
and North Pole, appear to turn round the line M, moving parallel to inhabitant on 
the Horizon. The Equatoreal Stars keep in the Hofizon, and all thoſe — wth of 
in the Southern Hemiſphere ES are inviſible. The like Phenomena 
are ſeen by the obſerver 5 on the South Pole, with reſpect to the 
Hemiſphere ES; and to him the (oppoſite Hemiſphere is always in- 
viſible. Hence, under either Pole, only one half of the Heavens is 
ſeen ; for thoſe parts which are once viſible never fet, and thoſe which 
are once inviſible never riſe. But the Ecliptic M, or Orbit which the | 
Sun appears to deſcribe once a year by the Earth's annual motion, has 
the half YC conftantly above the Horizon EC, of the North Pole ; Phenomena 
and the other half CX always below it. Therefore whilſt che Sun de- at the Poles, 
ſcribes the northern half Mi of the Ecliptie, he neither ſets to the North. 
Pole nor riſes to the South; and whilſt he deſcribes the ſouthern half 
(A, he neither fets to the South Pole nor riſes to the North. The ſame 
things are true with reſpect to the Moon; only with this difference, 
that as the Sun deſcribes the Echptic but once a year, he is for half 
that time viſible to each Pole in it's turn, and as long inviſible; but as 
che Moon goes round the Echiptie in 27. days 8 hours, The is only viſi- 
ble for 13 days 16 hours, and as long irviſible to each Pole by turns. 
All the Planets tikewiſerrife and ſet to the Poles, becauſe their Orbits 
are cut obliquely in halves by the Horizon of the Poles. When the 
Sun (in his apparent way from X) arrives at C, which is on the 20th 
f Marth, he is juſt rifing to an obſerver at 2 on the North Pole, and 
* The utmoſt limit of a perſon's view, where the Sky ſeems» to touch the Earth all 

around, is called his Horizon; which flrifts as the 8 changes his place. | 


ſetting 


The” — « the Heavens as ſeen 


PLATE. 11.ſetting to another at 5.0n. the South Pole. From 0 he riſes higher and: 


higher in every apparent Diurnal revolution, till he comes to the higheſt, 
point of the  Echptic y, on the 21ſt of June, and then he is at his 
greateſt Altitude, which is 23+ degrees, or the Arc Ey, equal to his 
greateſt North declination; and from. thence he ſeems to deſcend 
gradually in every apparent Circumvolution, till he ſets. at Con the 


23d of September; and then he goes to exhibit: the like Appearances 


at the South Pole for the other half of the year. Hence the Sun's ap- 
parent motion round the Earth is not in parallel Circles, but in Spirals ;. 


_ ſuch as might be repreſented by a. thread wound round a Globe from 


Phenomen 
at the Fans. 
8 


Tropic to Tropic; the Spirals being at ſome diſtance from one another 
about the Equator, and nn nearer to each other as they approach 


toward the Tropics. 


126. If the obſerver be any _ on the Terreſtrial Equator. C. 
as ſuppoſe at e, he is in the plane of the Celeſtial Equator; or under 


the Equinoctial EC; and the Axis of the earth 1 is coincident with: 
the Plane of his Horizon, extended out to N and 8, the North and: 
South Poles of the Heavens. As the Earth turns round the line NCS, 


tze Whole Heavens L. 7 to turn round the ſame line, but the 


contrary: way. It is plain that this.obſerver has the celeſtial Poles con- 
Hantly in his Horizon, and that his Horizon cuts the Diurnal paths of 
all the Celeſtial bodies perpendicularly. and in halves. Therefore the 
Sun, Planets and Stars, riſe every day, and aſcend, perpendicularly above 


8 fix hours, and paſſing. over. the Meridian,, deſcend in 


the ſame, manner for the fix, following hours; then ſet in the Hori- 


Aon, and continue twelve hours below it. A at the Equator 
_ » the days and nights ars equally long throughout the year. When the 


obſerver is in the fituation-e; ſees: the Hemiſphere SEN, but in twelve 
hours after, he is carried, half round the Earth's Axis to dd then the 
Hemiſphere SN becomes viſible to him; and SEN di Thus 


we find, that to an obſeryer at either of the Poles one hal ep the Sky is 


Remark. 


of Aſtronomy; i in Cambrigge. 


always viſible, and the other half never ſeen; but ta an obſerver on the 
Equator the whole Sky is ſeen every 24 hours. 8 


The Figure here. referred to, repreſents a Cache globe o laſs, 
having a Terreſtrial globe within. it; after. the, manner of the Glaſs 


Sphere invented by my generous eng, Þr, Los, 7 tbl 8 Bee 


* , 
141 "= 


127. If a Globe be held fidewife to ide eye, at ſome a nd 
ſo that neither of it's Poles can be ſeen, the Equator ECQ, and all 


9 e to it, as DL, Br, * MO, Koc. wil appear to be- 


ſtraight | 
5 


ron different Parts of the” Earth. © 43 


ſtraight lines, as proj jected i in this Figure ; which is requiſite to be men- 
tioned here, becauſe we ſhall have occaſion to call them Circles in the 
following Articles of this Chapter *. | 

128. Let us now ſuppoſe that the obſerver has gone from the Be Phenomena 
tor e towards the North Pole u, and that he ſtops at 2, from which —.— . r. 


place he then ſees the Hemiſphere ME/NL ; his Horizon MCL having roles, 


hifted as many + Degrees froth the Celeſti! poles N and &, as he has 


travelled from under the Equinoctial E. And as the Heavens ſeem 
conſtantly to turn round the line NCS as an Axis, all thoſe Stars which 

are not fo many degrees from the North Pole N as the obſerver is from 

the Equinoctial, namely, the Stars north of the dotted parallel DL, 

never ſet below the Horizon; and thoſe which are ſouth of the dotted *_ 

parallel JO never riſe above it. Hence, the former ot theſe two 

parallel Circles is called the Circle of perpetual Appariiion, and the latter The Circles 


the Circle of perpetual Occultation : but all the Stars between theſe two 9% Perpetual 


t 
Circles riſe and ſet every day. Let us imagine many Circles to be drawn Cr 


between theſe two, and parallel to them; thoſe which are on the north ti tion, 
fide of the Equinoctial will be unequally cut by the Horizon MCL, 
having larger portions above the Horizon than below it; and the more 


fo, as they are nearer to the Circle of [perpetual Apparition ; but the 


reverſe happens to thoſe on the ſouth ſide of the Equinoctial, whilſt 
the Equinoctial is divided in two equal parts by the Horizon. Hence, 
by the apparent turning of the Heavens, the northern Stars deſcribe 
greater Arcs or Portions of Circles abbve the Horizon than below it 1 
and the greater, as they are farther from the Equinoctial towards the 
Circle of perpetual Apparition; whilft the contrary happens to all 
Stars ſouth of the Equinoctial: but thoſe upon it deſcribe equal Arcs 
both above and me the Horizon, and therefors' they" are Juſt as * 


above as below it. 


129. An Worb ew cke Equator has: no Gircle of perpetual Apes 
tion or Occultatien, becauſe all the Stars, together with the Sun and 
Moon, riſe and ſet to him every day. But, as a bare view of the Fi- 
gure is ſufficient to ſhew that theſe two Circles DL and MO are juſt 


as far from the Poles Nand S as the obſerver at i (or one oppoſite 
to him at o) is from the Equator EC it is plain, that if an obſerver 


begins to travel from the Equator towards either Pole, his Circle: of 


perpetual Apparition riſes from that Pole as from a Point, and his Circle 
of perpetual Occultation from the other. As the obſerver advances 


: * The Plane of A. Circle, or a thin circular Plate, beings eurned e to te © eye, ö 


appears to be a ſtraight line. 


His A Saas is the ab parka W's Cie, 5 212 Bog : e | : 
I 2 | — EE 


1 


PLATE II. toward the nearer Pole, theſe two Circles enlarge itheir diameters; and 

dome nearer one another, until he comes'toithe Pole; and then they 

meet and coincide in the Equinoctial. On different ſides of the Equator, 

to obſervers at equal diſtances from it, the Circle of perpetual Appari- 
tion to one is the Circle of rern Occultation to the Ger 


c Whythe! Stars 130. Becauſe the Stars never vary their Goa fo the 6 
always de- 


always de- tial, ſo as to be ſenfible in an age, the lengths of their diurnal and 
fame parallel Noturnal Arcs are always the ſame to the ſame places on the Earth... 
of motion, But as the Earth goes round the Sun every year in the Ecliptic, one 
digeren. half of which is on the north fide of the Equinottial and the other half 
| on it's ſouth fide, the Sun appears to change his place every day, ſo 
as to go once round the Circle CA every year, 5 114. Therefore 
whilſt che Sun appecacs to advance northward, from having deſcribed 
the Parallel & touching the Ecliptic in X, the days continually 
lengtben and the nights ſhorten, until he comes to y and deſcribes the 
Parallel r, when dhe days are at the longeſt and the nights at the 
ſhorteſte for chen, ns the Sun goes mo farther northward, the greateſt 
portion that is poffible of the diurnal Are yz is above the Horizon of 
the inhabitant i; and the ſmalleſt portion zx below it. As the Sun 
declines ſouthward from 5, he deſcribes ſmaller diurnal and greater: 
nacturnal Arcs, or Portions of Circles, every day; which cauſeth the 
days to fherten and nights to lengthen, until he arrives again at the 
Parallel 25K; only the ſmall part ab above the Horizon 
AdCL, and the great part HA below it, the days are at the ſhorteſt 
and the mights at the longeſt becauſe the Sun recedes no farther 
fouth, but returns narthward as before. It is eaſy to ſee that the Sun 
muſt befin the Equinedtial EC. twice. every year, and then the days 
and nights are equally long; that is, 12 hours each. Theſe hints 
ſerve; at preſent>toigive an ideacof ; ſome of che Appearances reſulting 


from the motions / of the Earth ch will be 008 2 p aa 
e pan n en ii V5 


Fig. I. — 3 at either Dole, the Horizon and "FEES are 
Pau, Ob coincident; and che dun and Stars ſeem to move parallel. to the Hori- 
Right ſphere, 20n': "therefore, -ſuch-an gbſerver-is aid to have a parallel poſition of the 
hat. Sphere. Lo an obfrverany where between either Pole and Equator, the: 
Parallels deſeribed by the — and Stars are eut obliquely by the Hori- 
2zon, and therefore he is ſaid to have an Oblique poſition of the Sphere. 
To an obſerver any where on the Equator, the Parallels of Motion, 
deſcribed by the Sun and _ are cut leer, or at Right an- 


gles, 


from Ai reer Party of the Sular Sufem. 


gles, by the Horizon; and therefore he is ſaig to have a right poſition 
of the Sphere. And theſe three are all the different ways that the 
Sphere can he poſited to all people on the Earth. 71 


. 
, 


CHAP, V. 


The Phenomena of the H. eavens as een from different Parts 
1 of the Solar Syſtem. : 
732.6 


O yaſtly great is the diſtance of the ſtarry Heavens, that if 

viewed from any part of the Solar Syſtem, or eyen many 
millions of miles beyond it, it's appearance would be the yery ſame to 
us. The Sun and Stars would Ki ſeem to he fixed on one concave 
ſurface, of which the Spectator's eye would be the center. But the 
Planets, being much nearer than the Stars, their appearances will vary 


conſiderably with the place from which they are viewed. mou 
133. If the Spectator is at xeſt without their Orbits, the Planets will 
ſeem to be at the fame diſtance as the Stats; hut continually changing 


their places with reſpect to the Stars, and to one another: aſſuming - 


various phaſes of increaſe and decreaſe like the Joon. And, notwith- 
ſtanding their regular motions about the Sun, wall ſametimes appear to 
move quicker, ſometimes ſlower, he as often to the weſt as to the caſt 
of the Sun; and at their greateſt diſtances ſeem quite ſtationary. The 
duration, extent, and diſtance of thoſe points in the Heavens where 
theſe digreſſions begin and end, would be more or $9. | Fur to the 
reſpective diſtances of the ſeveral Planets from the Sun : but in the ſame 
Planet they would continue invariably the (ame at all times; like pen. 
dulums af unequal lengths 7 ting together, the ſhorter move quick 
and go,,oyer a ſmall ſpace, the longer mgyc flow and go over a large 
ſpace. If the obſeryer is at reſt within the Orbits of the Planets, but 
not near the common center, their apparent motions will be irregular, 
but Jeſs ſo than in the former caſe.” Each of the ſeveral Planets will 
appear bigger and leſs by turns, as they approach nearer or recede far- 


ther from the obſerver; the neareſt varying moſt in their ſize. 


will alfo. move quicker or flower with regard to their fixed Stars, but 


* f 4 ? 


will neyer be retrograde or ſtationary. 

134. If an obſerver in motion views the Heavens, the fame ap- 
parent irregularities will be obſerved, but with .ſome variation reſult- 
ing from it's own, motion. If he is on a Planet which has a rotation 
on it's Axis, not being ſenſible of his own motion, he will imagine 


4 the 


+3 


$ 
7 
” £ 
ol 
7 
: 
j 


46 The Phenomena of the Heavens as ſeen 

dme whole Heavens, Sun, Planets, and Stars, to revolve about him in 
the ſame time that his Planet turns round, but the contrary way ; and 
will not be eaſily convinced of the deception. If his Planet moves 
> round the Sun, the ſame irregularities and aſpects as above-mentioned 
will appear in the*thotions of the. other Planets; and the Sun will 
ſeem to move among the fixed Stars or Signs, directly oppoſite to thoſe 
in which his Planet moves, changing it's place every day as he does. 
In a word, whether our obſerver be in motion or at reſt, whether 
within or without the Orbits of the Planets, their motions will ſeem 
irregular, intricate - and perplexed, unleſs he is in the center of the 

| Syſtem ; and from thence, the moſt beautiful order and harmony will 
be ſeen by him. )) 8 
The Sun's 135. The Sun being the center of all the Planets motions, the only 
center the place from which their motions could be truly ſeen, is the Sun's center; 
5 Ne where the obſerver being ſuppoſed not to turn round with the Sun 
the true mo- (which, in this caſe, we muſt imagine to be a tranſparent body) would 
tions and. . lee all the Stars at reſt,” and ſeemingly equidiſtant from him. To ſuch 
lanets could an obſerver, the Planets would appear to move among the fixed Stars, 
be ſeen. in a fimple, regular, and uniform manner; only, that as in equal 
d itmes they deſcribe equal Areas, they would deſcribe ſpaces ſomewhat 
"unequal, becauſe they move in elliptic Orbits, $ 155. Their motions 
would alſo appear to be what they are in fact, the fame way round the 
Heavens; in paths which croſs at ſmall Angles in different parts of the 
Heavens, and then ſeparate alittle from one another, $ 20. So that, if 
the folar Aftronomer ſhould. make the Path or Orbit of any one Planet 
a ſtandard, and confider it as having no obliquity, & 201, he would 
Judge the paths of all the reſt to-be inclined to it ; each Planet having 
one half of it's path on one fide, and the other half on the oppoſite 
fide of the ſtandard Path or Orbit. And if he ſhould ever ſee all the 
Planets ſtart from a conjunction with each other *, Mercury would 
move ſo much fafter than Venus, as to overtake her again (though not 
in the fame point of the Heavens) in a quantity of time almoſt equal 
to 145 of our days and nights; or, as we commonly call them, 
Natural Days, which include both the days and nights: Venus would 
move ſo much faſter than the Earth, as to overtake it again in 58 5 na- 
tural days: the Earth ſo much faſter than Mars, as to overtake him 
again in 778 ſuch days: Mars fo much faſter than Jupiter, as to 


Here we do not mean ſuch a conjunction, as that the nearer Planet ſhould hide all 
the reſt-from the obſerver's fight ; (for that would be impoſſible, unleſs the interſections 
of all their Orbits were coincident, which they are not, See & 21.) but when they were 
all in a line croſſing the ſtandard Orbit at right Angles Ds 
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overtake him again in 8 17 ſuch days: and Jupiter ſo much, faſter 
than Saturn, as to overtake him again in 7236 days, all of our 
time. 3 3 2 5 es F ; 1 5 
136. But as our ſolar Aſtronomer could have no idea of meaſuring The judg- © 
the courſes of the Planets by our days, he would probably take Tent that a 
the period of Mercury, which is the quickeſt moving Planet, for 1 
3 to compare the periods of the others by. As all the Stars probably 
| would appear quieſcent to him, he would nevet think that they had — 
= any dependance upon the Sun; but would naturally imagine that the diſtances and 
Planets have, becauſe they move round the Sun. And it is by no 1 * 
means improbable, that he would conclude thoſe Planets, whoſe * 
periods are quickeſt, to move in Orbits proportionably leſs than thoſe do 
which make ſlower circuits. But being deſtitute of a method for find- 
ing their Parallaxes, or, more properly ſpeaking, as they could have no 
Parallax to him, he could never know any thing of their real diſtances 
or magnitudes. Their relative diſtances he might perhaps gueſs at by 
their periods, and from thence infer ſomething of truth concerning 
their relative bulks, by comparing their apparent bulks with one an- 
| other. For example, Jupiter appearing. bigger to him than Mars, he 
| would conclude. it to be much bigger in fact; becauſe it appears fo, 
= and - muſt be farther from him, on. account. of it's longer period. 
Mercury and the Earth would ſeem much of the fame bulk; but by 
comparing it's period with the Earth's, he would conclude that the 
Earth is much. farther from him than Mercury, and conſequently that 
it muſt be really bigger, though apparently of the fame bulk; and fo of 
the reſt. 3 as each Planet would appear ſomewhat bigger in one 
part of it's Orbit than in the oppoſite, and to move quickeſt when it 
ſeems biggeſt, the obſerver would be at no loſs to determine that all the 
Planets move in. Orbits, of which the Sun is not preciſely in the center. 


137. The apparent magnitudes of the Planets continually change as The Ptane- 
ſeen from. the Earth, which demonſtrates ghat they approach nearer u motions 
to it, and recede farther from it by turns. From theſe Phenomena, 18 {en 5 
and their apparent motions among the Stars, they ſeem to deſcribe the Earth. 
looped curves which never return into themſelves, Venus s path ex- 
depted. And if we were to trace out all their apparent paths, and 
put the figures of them together in one diagram, they would appear 
- fo anomalous and confuſe, that no man in his ſenſes. could believe 
them to be repreſentations of their real paths; but would immediately 
conclude, that ſuch apparent irregularities muſt be owing to ſome Optio 
Aluſions. And after a good deal of enquiry, he might perhaps be at - 
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PLATE III. Ioſs to find out the true cauſe of theſe inequalities ; efpecially if he 

: were one of thoſe who would rather, with the greateſt juſtice, charge 
frail man with ignorance, than the Almighty with being the author 

| ma 7 77TH 5 . 

Thoſe of 138. Dr. Lone, in his firſt volume of Afronomy, has given us 

Mercury and figures of the apparent paths of all the Planets ſeparately from CAs- 

ſented. $1N1 ; and on ſeeing them I firſt thought of attempting to trace ſome 

bf therm by a machifie'® that ſhews the motions of the Sun, Mercury, 

Venus, the Earth and Moon, according to the Copernican Sy/tern. 

Having taken off the Sun, Mercury, and Venus, I put black- lead 

pencils in their Places, with the points turned upward ; and fixed a 

circular ſheet of paſte-board fo, that the Earth kept conſtanitly under 

it's center in going round the Sun; and the paſte- Board kept its paral- 

lelifm. Then, preſſing gently with one hand upon the paſte-board to 

make it touch the three pencils, with the other hand I turned the 

Winch that moves the whole machinery: and as the Earth, together 

| with the pencils in the places of Mercury and Venus, had their 

Fig. 1. proper motions round the Sun's pencils, which kept at reſt in the center 

9 of the machine, all the three pencils deſcribed a diagram from which 

the firſt Figure of the third Plate is truly copied in a ſmaller ſize. 


If Cn Figures of the patlis of the Sun, Mercuty and Venus, were 
Put together, the Figure as above traced out, would be exactly like them. 
kx represents the Sun's Apparent motion found the Beliptic, which is 
tte fame every year; Mercury's motion for ſeven years; and Venus's 
on for eight; in which time Mercury's path makes 23 foops, 'croffing 
itſelf ſo many times, and Venus's only five. In eight years Venus falls 
ſo nearly into the ſame apparent path again, as to deviate very little 
from it in fome ages ; but in what number of years Mercury and the 
Teſt of the Planets would deſcribe the fame viſible paths over again, 
L cannot at'prefent determine. Having finiſhed the above Figure'of 
3 of Mercuty and Venus, I put the Ecliptic round them as in 
the Doctor's Book ; 4nd added the dotted lines from the Earth to the 
he Onntxy fronting the Title-page. ; 
| e | 8 | Ecliptic 
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The apparent Paths of Mercury and Venus. 
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Ecliptic for ſhewing Mercury' s apparent or geocentric motion therein PLATE 111. 


for one year ; in which time his path makes three loops, and goes on 
a little 8 hich ſhews that he has three inferior, and as many 
ſuperior conjunctions with the Sun in that time; and alſo that he is 
ſix times ſtationary, and thrice retrograde. Let us now trace his 
motion for one year in the Figure. 

Suppoſe Mercury to be ſetting out from A towards B (between 


the Earth and left-hand corner of the Plate) and as ſeen from the Earth Fig. I. 


his motion will then be direct, or according to the order of the Signs. 
But when he comes to B, he appears to ſtand ſtill in the 23d degree 
of ff at F, as ſhewn by the line BF. Whilſt he goes from B 
to C, the line BF, ſuppoſed to move with him, goes backward from 
F to E, or contrary to the order of Signs; and when he is at C, he 
er ſtationary at E.; having gone back 114 degrees. Now, fup- 
ſe him ſtationary on the firſt. of January at C, on the 1oth: thereof 
e will appear in the Heavens as at 20, near F; on the zotli he will 
by ſeen as at G; on the 3 iſt at H; on the ꝛoth of February at I; on 
the 20th at K; and on the 28th at L; as tlie dotted lines ſhew; which 
are drawn: through every tenth days motion in his looped path, and 
continued to the Ecliptic. On the toth of March he appears: at M; 
on the 2oth at N; and on the 3 iſt at O. On the 1oth of April he 


"Nati at P; on the-2oth he ſeems — have gone back again 


appears 
to O; and on he zoth he appears ati at Y having gone back 


115 degrees. Thus Mercury ſeems to go forward 4 Signs 11 Degrees, 


or 131 Degrees; and to go back only 11 or 12. Degrees, at a mean 
rate. From the 3oth of April to the zoth of May, he ſeems to move 
from Q.to R; — on the 2oth he is ſren at S, going forward in the 
fame manner again, according to the order of as.” and. back ward 
when they go back; which it is needleſs to explain any further, as: 9 


reader can trace him out ſo eaſily, through the reſt 12 the year. The 


ſame appearances happen in Venus's motion; but as ſhe moves ſlower 
than Mercury, there are longer intervals of «time between them. 
Faving already, F 120, given ſome account of the apparent diurnal 
motions of the Heavens as ſeen from the * 1 we thall oe 
the reader ney meer. e pie eb H eil 
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wy and £ enus explained. . 


HE ö Helene Syſtem, 8 97 2 be ſuffeiently tafuteit by the: 
1 1ogth Article, we ſhall fay nothing more about it. 
140. The Ptolemean Syſtem, § 96, which aſſerts the Earth to be at 
aſt in the Center of the Univerſe, .and all the Planets with the Sun 
and Stars to move round it, is evidenthy falſe and abſurd. For i this 


Þypatheſis were true, Mercury and Venus could nauer be bid behind: 


the: Sun, 45 their Orbits are included within the Sun's: and again, theſe 

tyo Planeta wquld always move direct, and be as oſten in Oppoſition: 

to the Sun as in Conjunction with him. But the contrary of all this is 

ue t for they are juſt as often behiud:the: Suni as befare: him, appear 

cds often to dove baokwards:asforyrands,'and ate foi far from being ſeen 
 fatranſige che fide: of the:Hwwbns:oppdfite to the Sun, that they 

Wert never. le 1 a quaxtar of a achim the Heavens diſtant from 

5 bim. 10 118 4 SHO: 0 3 $315: 5 "(3 110 Une s A Hh 1 19 
A nces 34 T. Theſe two Planeta, Ae at efferent times with a good: 


| Ind Venus, APtelonpe, in all the various thapes of dhe Moon:y which ig 8 


Plain pool thet they aro cg n! the gun bes rg 000 


" oundoas Ae Ben dos ind 3 bern be dark Ss on 


I -the;Sul when they paſs. directi between him and us. | 
{Phaſes demonſtrate: tends tobe pherical ararwerd a be ſhewn by 


_ he: following experiment: 5} 11h0o 60 i oe Rt Ears DE 


Experiment >: Hang an wory ball by thread; and let any ee de it round the 


eus amg e candle; at twẽęꝰo or three qurds diftance from your Eyes when. 
tze ball is beyond che candle, ſo as to he almoſt hid by the flame; it's 


_ [eniightened-fide will be towards yon, and appear round like the Full 


Mm: When the ball is betwren you and the: candle, its enlightened 
ſide will diſappear, as tht Mom des nt the When it is half 


way between theſe two poſitions, it will appear half illuminated, like 
the Moon in her Quarters : But in every other place between theſe 

poſitions, it will appear more or leſs horned or gibbous. If this ex- 

periment be made with a flat circular plate, you may make it appear 
fully enlightened, or not enlightened at all; but can never make it 
ſeem either horned or e 


r „„%%ͤͤ ⁵ l 4. L. 
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12. If you remove about ſix or ſeyen yards from the candle, and PLAT E-1I, 
bed yourſelf ſo that it's: flame may be juſt; about the height of your Experiment 
eye, and then deſire the other perſon to move the ball dowly round the Ip 
candle! as before; keeping it as near of an equal height with the flame of Mercury 
as: he poſſibly: can, the ball will appear to you not to move in a circle, and Venus, 
but to:vibrate: backward and forward like a pendulum; moving 


quickeſt when it is directiy between you and the candle, and when'di- 


rec beyond it;; and gradually ſlower as it goes farther to the right or 


left fide of the flame, until it appears at the greateſt diſtance fo the 
flame; and then; though it continues to move with the ſame velocity, 
it vill ſect to ſtand ftill for a moment. In every Revolution it will 
ſhew all the above Phaſes, & 141; and if two balls, a ſmaller and a 
greater,” be moved in this manner round the candle, the ſmaller baa! 


being kept neareſt the flame, and carried round almoſt three times as 


often as the greater, you will have a tolerably good repreſentation of the 


apparent Motions of Mercury and Venus; eſpecially, if the bigger ball 


deſcribes a eitele almoſt trrice as) huge! in diameter as the circle 4 

by thelleſſer. IS end Mi wi ai non 13 

143. Let ABCDE be a part or ſegment of the vidble Heavens; in Fig. III. 
which the Sun, Moon, Planets: and Stars, appear to move at the ſame 

diſtance from the Earth B. For there are certain limits, beyond which 

the eye cannot judge of different diſtances; 4s is plain fram the Moon's 
appearing to be no, nearer to us than the Sum and Stars are. Let the 

circle Agbitinpo be the Orbit in which Mercuty mn meves round Wr 


Sun & according to the order of the letters. When Mercury is at 7. 


he diſappears to the Earth at E, becauſe his enlightened ſide is 
turned from it; unleſs: he be then in one of his Nodes, 5 20, 26 3 The Elongs- 
in which cafe, he willi appear like a dark {pot upon the Sun. When Pius gon o 
he is at g in his Orbit, 1 * appears at B in the Heavens, weſtward of — 
the Sun 8, which: is feem at C: when at þ, he appears at A, at his the Sun. 


greateſt weſtern elongation or diſtance from the Sun; and then ſeems 


to ſtand ſtill. But, as he moves from & to i, he appears to go from 


A to B; and ſeems to be in the ſame place when at 7 as when he was 
at g. only not near fo big: at & he is hid from the Earth E by the Bm N 


$; being then in his ſuperior Conunction. In going from #t017, 


he appears to move from C to D; and when he is at 2, he appears 


ſtationary at E; being ſeen as far eaſt from the Sun then, as he was 


weſt from him at A. In going from # to o in his Orbit, he ſeems to go 

back again in the Heavens, from E to D; and is ſeen in the ſame: 

place (with reſpect to the Sun) at o, as when he was at Iz. hut af a 

* diameter at o, becauſe he is then nearer the Earth E:; and 
| | H when 
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PLATE U. when he comes to /, he again p aſſes by the gm und) diſappears as 
before. In going from u tò h in bis Orbit, he ſeems to go backward in 
the Heavens from E to A; and in going from 5 to 2, he ſeems 
. - to go forward from A to E. As he goes on from / a little of his en- 
lightened fide at g is ſeen from E; at b he appears half full, becauſe 
half of his enlightened ſide is ſeen ; at , gibbous, or more than half 
full; and at & he would appear quite full,” were he not hid from the 
Earth E by the Sun S. At J he appears gibbous again; at 1 half 
decreaſed, at o horned, and at F new like the Moon at her Change. 
He goes ſooner from his eaſtern ſtation at to his weſtern ſtation at 35, 
than from þ to n again; becauſe he goes through leſs chan half His: Orbit 
in the former caſe, and more in the latter. 
Fig. III. 144. In the ſame Fi ure, let FGHIKLMN'be the Orbit i in abs 
Venus v moves round the Sun &, according to the order of the letters: 
The Elonga- and let E be the Earth as before. When Venus is at F, ſhe is in her 
rions and. inferior Conjunction; and. Gifappears': like the Newy Moon, becauſe 
Venus. her dark ſide is toward the Earth. At G, e eee dee 
do the Earth, like the Moon in her firſt quarter: at H, ſhe appears 
. ..  gibbous3- at I. almoſt! full z her enlightened ſide being then nearly 
| towards the Earth: : at K, ſhe would appear quite full to the Earth E; 
but is hid from it by the Sun S: at L, ſhe appears upon the decreaſe, = 
or gibbous; at M, more ſo; at N, only half enlightened; and at P, 
the. diſappears : again. In moving from NM to. &, oſſie ſeems to» go 
The greateſt bakivard in the Heavens; and from G to NV, fer wurd 3: but, as ſhe 
Elongations deſetibes a much greater portion of her Orbit in going from G td N. 
5 ury 
and Venus, than from N to G, ſhe appears much longer direct than retrograde in 
hhuer motion. At M and G the appears ſtationary; as Mercury does 
| at'# and 5. Mercury, when ſtationary, ſeems to be only 28 degrees 
from che Sun; and Venus, when ſo, 4j; which is a demonſtration 
that Mereury's Orbit is included within Vers's, erg mee celthic: 
the Earthks. 
Morning and 145. Venus from her fiperior. Conjunction at, * to yg inferior; 
EveningStar, Conjunction at F, is ſeen on the eaſt fide of the Sun & from the Earth. 
1 E; and therefore ſhe ſnines in the Evening after the Sun ſets, and is 
called be Evening Star: for, the Sun being then to the weſtward of 
Venus, he muſt ſet firſt. From her inferior Conjunction to her 
ſuperior, ſhe appears on the weſt ſide of the Sun; and therefore riſes 
before him, for which reaſon ſhe is called he Merning Star. When- 
ſhe is about N or G, _ —_— e ane bee n n in 
e e Dy | | 
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146. If the Earth kept always at E, it is evident that the 'ſtationarypLATE II. 
places of Mercury and Venus would always be in the ſame points of the. 
Heavens where they were before. For example; whilſt Mercury m goes 
from þ to 2, according to the order of the letters, he appears to deſcribe 
the arc ABC DE in the Heavens, direct: and whilſt he goes from u to The ſtation⸗ 
6, he ſeems to deſcribe the ſame arc back again, from E to A, retro- wy proces 9 

| . . e Planct 
grade: always at and h he appears ſtationary at the ſame points E yariable. 
and A as before. But Mercury goes round his Orbit, from F to / again, 
in 88 days; and yet there are 116 days from any one of his Conjunc- 
tions, or apparent Stations, to the fame again: and the places of theſe 

Conjunctions and Stations are found to be about 114 degrees eaſtward 
from the points of the Heavens where they were laſt before; which 
proves that the Earth has not kept all that time at E, but has had a 
progreſſive motion in it's Orbit from E to #. Venus alſo differs every 
time in the places of her Conjunctions and Stations; but much more 
than Mercury; becauſe, as Venus deſcribes a much larger Orbit than 
Mercury does, the Earth advances ſo much the farther in it's annual 
path before Venus comes round again. 

147. As Mercury and Venus, ſeen from the Earth, have their re- The Eton 
ſpective Elongations from the Sun, and ſtationary places; ſo has the Sens of al : 
Earth, ſeen from Mars; and Mars, ſeen from jupiter; and Jupiter, ier Planes 
ſeen from Saturn. That is, to every ſuperior Planet, all the inferior as ſeen from 
ones have their Stations and Elongations; as Venus and Mercury pom. 
have to the Earth. As ſeen from Saturn, Mercury never goes more 
than 25 degrees from the Sun; Venus 4; the Earth 6; Mars 92; 
and Jupiter 334: ſo that Mercury, as ſeen from the Earth, has al- 

moſt as great a Pigreſſion or Elongation from the Sun, as jupiter ſeen 
from Saturn. e e e e | 
148. Becauſe the Earth's Orbit is included within the Orbits of Mars, A proof of the 

Jupiter, and Saturn, they are ſeen on all ſides of the Heavens; and are 3 1 
as often in Oppoſition to the Sun as in Conjunction with him. If the * 
Earth ſtood ſtill, they would always appear direct in their motion s 
never retrograde nor ſtationary. But they ſeem to go juſt as often 
back ward as forward; which, if gravity be allowed to exiſt, affords a 
ſufficient proof of the Earth's annual motion: and without it's exiſt- 
ence, the Planets could never fall from the tangents of their Orbits 
towards the Sun, nor could a ſtone which is once thrown up from the 
Earth ever fall to the Earth again. | BE. 

149. As Venus and the Earth are ſuperior Planets to Mercury, 
they ſhew much the ſame Appearances to him that Mars and Jupiter 5 
do to us. Let Mercury m be at , Venus vat F, and the Earth at E; Fig. HI. 


1 
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PLATE II. in which ſituation Venus hides the Earth from Mercury; but, 

General. Phe- in oppoſition to the Sun, ſhe ſhines on Mercury with a full illumined | 
- vcr wag Orb; though, with reſpect to the Earth, ſhe is in conjunction with 
Planet to an thei Sun, and inviſible. + When Mercury is at , and Venus at G, her 
inferior. enlightened ſide not being directly towards him, ſhe appears a little 
* gibbous; as Mars does in à like ſituation to us: but, when Venus 
Is at J her enlightened: ſide is ſo much towards Mercury at , that 

he appears to him almoſt af a round figure. At K, Venus diſappears 

to Mercury at V, being then hid by the Sun; as well as all our ſuperior. 

Planets are to us, when in conjunction with the Sun: When Venus 

has, as it were, emerged out of the Sun beams, as at L, ſne appears 

almoſt full to Mercury at ; at M and NM. a little! gibbous; quite full 
at F, and largeſt of all; being then in oppoſition to the Sun, and 
conſequently neareſt to Mercury at J; ſhining ſtrongly on him in the 

night, becauſe her diſtance from him then is ſomewhat leſs than a fifth 

part of her diſtance from the Earth, when the appears roundeſt to it 

between I and K, or between K and L, as ſeen from the Earth E. 
Conſequently, when Venus is oppoſite to the Sun as ſeen from Mer- 

„ cCury, the appears more than 25 times as large to him as ſhe does to us 

Ven at the fulleſt. Our caſe is almoſt ſimilar with reſpect to Mars, 

_* © when he is oppoſite to the Sun; becauſe he is then ſo near the Earth, 
and has his whole enlightened fide towards it. But, becauſe the Or- 
| — Jupiter and Saturn are very large in proportion to the Earth's 
Orbit, theſe two Planets appear much leſs magnified at their Oppoſi- 

tions, or diminiſhed at their Conjunctions, than _ Were in ds 


tion to ona mean . ee ere NM. 
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N Projecti- 


tA 
Wold not eternal. ACE owns 


Gravication 150. HE OM. the uniform ess motion of bodies. in „ firaight 

lines, and the univerſal power of attraction which draws: | 

Fig. TV, them off from theſe lines, the curvilineal [motions of all the. 22 — 1 
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-atiſe.-.. If the body A be projected along the right line ABX; in open pLrE Ii. 
Space, where it meets with no reſiſtance, and is not drawn afide by 
any other power, it will for ever go on with the ſame velocity, and in 
the ſame direction. For, the force which moves it from A to B in Circular 
any given time, will carry it from B to AM in as much more time, Orbits. 
and fo on, there being nothing to obſtruct or alter it's motion. But if, 
when this projectile force has carried it, ſuppoſe to B, the body S be- 
gins to attract it, with a power duly adjuſted, and perpendicular to it's 
motion at B, it will then be drawn from the ſtraight line ABA, and 
forced to revolve about & in the Circle BYTU. When the body A Fig. Iv. 
comes to U, or any other part of it's Orbit, if the ſmall body u, with- 
| in the ſphere of U's attraction, be projected as in the right line Z, with 
1 4 force perpendicular to the attraction of U, then # will go round 
L in the Orbit , and ;accompany it in it's whole courſe round 
| the body S. Here; & may repreſent the Sun, U the Earth, and 2 


„ 4771 I. ; IX 
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18351. Ia Planet at B gravitates, or is attracted, toward the Sun, ſo 
- as to fall from B to y in the time that the projectile force - would have 
carried it from B to &, it will deſcribe the curve BY by the combined 
action of theſe two, forces, in the fame time that the projectile force 
| ſingly would have carried it from B to X, or the gravitating power. 
| ſingly have, cauſed it to deſcend from B toy; and theſe two forces be- 
| ing duly proportioned, and perpendicular to one another, thie Planet: 
obeying them both, will move in the circle B. 


— 


x 


152, But if, whilſt the projectile force carries the Planet from B to 
6, the; Sun's attraction (which conſtitutes the Planet's gravitation) 
ſhould bring it down from to 1, the gravitating power would then 
be too ſtrong for tlie projectile forte; and would cauſe the Planet to 
*deſcribe the curve BC. When the Planet comes to C, the gravitating Elliptical 
| power (which always increaſes as the ſquare of the ' diſtance from the Orbits. 
| Sun 8 diminiſhes) will be yet ſtronger for the projectile force; and by 
conſpiring in ſome degree therewith, will accelerate the Planet's motion 
all the way from C to K; cauſmg it to deſcribe the ares BC, CD, 
DE, EF, &c. all in equal times. Having it's motion thus accele- 
rated, it thereby gains ſo much centrifugal force, or tendency to fly 
off at K in the line K, as overcomes the Sun's attraction: and the 
' centrifugal force being too great to allow the Planet to be brought 
575 To make the e ee balance the gravitating power ſo exactly, as that the 
dody may move in a Circle, the projeQile velocity of the body muſt be ſuch as it would 
have acquired by gravity alone in falling through half the radius of the circle. 
e | * nearer 


' 


-PLATE 11. 


The. phyfical.Cauſer , 


nearet the Sun, or even to move round him in the Cirele Klmn, &c. 


it goes off, and aſcends: in the curve KLMN, &c. it's motion de- 


creaſing as gradually from K to B, as it increaſed from B to K, be- 
cauſe the Sun's attraction acts now againſt the Planet's projectile mo- 


tion juſt as much as it acted with it before. When the Planet has 


got round to B, it's projectile force is as much diminiſned from it's 
mean ſtate about G or N, as it was augmented at K; and fo, the Sun's 
attraction being more than ſufficient to keep the Planet from going off 
at B, it deſcribes the ſame Orbit over again, by virtue of the ſame 


forces or powers. 


253. A double projectile force will always balance a quadruple 
power of gravity, Let the Planet at B have twice as great an impulſe 


from thence towards X, as it had before; that is; in the ſame length 
of time that it was projected from B to 5, as in the laſt example, let it 
now be projected from B to c; and it will require four times as much 


- gravity to retain it in it's Orbit: that is, it muſt fall as far as from B 


Fig. IV. 


The Planets 

deſcribe equal 

Areas in equal 
times. 


BY 


to 4 in the time that — — force would carry it from B to c; 


otherwiſe it could not deſeribe the curve BD; as is evident by the 
Figure. But, in as much time as the Planet moves from B to C in 
the higher part of it's Orbit, it moves from I to K, or from K to L, in 
the lower part thereof; becauſe, from the joint action of theſe two 
forces, it muſt always deſcribe equal Areas in equal times, throughout 


it's annual courſe. Theſe Areas are repreſented by the triangles 


BSC, CS D, DSE, ESF, &c. whoſe contents are equal to one ano- 


ther, quite round the Figure. 


A difficulty 


removed. 


154. As the Planets approach nearer the Sun, and recede farther = 


from him, in every Revolution; there may be ſome difficulty in con- 


-ceiving the; reaſon why the power of gravity, when it once gets the 
better of the projectile force, does not bring the Planets nearer and 
_ nearer the Sun in every Revolution, till they fall upon and unite with 
him. Or why the projectile force, when it once gets the better of gra- 
. vity, does not carry the Planets farther and farther from the Sun, till 


it removes them quite out of the ſphere of his attraction, and cauſes 
fraight lines for ever afterward. But by conſidering 


the effects of theſe powers as deſcribed in the two laſt Articles, this 
difficulty will be removed. Suppoſe a Planet at B to be carried by 
the projectile force as far as from B̃ to h, in the time that gravity would 
have brought it down from B to 1: by theſe two forces it will deſcribe 
the curve BC. When the Planet comes down to K, it will be but 
half as far from the Sun & as it was at B; and therefore, by gravi- 
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tating four times as ſtrongly towards him, it would fall from K to 
in the ſame length of time that it would have fallen from B to 1 
in the higher part of it's Orbit, that is, through four times as much 
ſpace ; but it's projectile force is then ſo much increaſed at K, as would 
carry it from K to & in the fame time; being double of what it was 
at B, and is therefore too ſtrong for the gravitating power, either to 
draw the Planet to the Sun, or cauſe it to go round him in the circle 

| Klnn, &c. which would require it's falling from K to ww, through 
- greater ſpace than gravity can draw it, whilſt the projectile force is 
ſuch as would carry it from K to & and therefore the Planet aſcends 
in it's Orbit KLMN, decreaſing in it's velocity for the cauſe already 
aſſigned in 8 152. 1 9 | 


155. The Orbits of all the Planets are Ellipſes, very little different The Planeta- 
from Circles: but the Orbits of the Comets are very long Ellipſes 377 N el- 
and the lower focus of them all is in the Sun. If we ſuppoſe tage 
mean diſtance (or middle between the greateſt and leaſt) of every TheirExcen- 
Planet and Comet from the Sun to be divided into 1000 equal parts, *:©tcs. 
the Excentricities of their Orbits, both in ſuch parts and in Eng- 
liſb miles, will be as follow. Mercury's, 210 parts, or 6,720,000 
miles; Venus's, parts, or 413,000 miles; the Earth's, 17 parts, or 
1,377,000 miles; Mars's, 93 parts, or 11,439,000 miles; | Jupiter's, 
48 parts, or 20,352,000 miles; Saturn's, 55 parts, or 42,73 ne 
miles. Of the neareſt of the three forementioned Comets, 1, 45 8, ooo 

miles; of the middlemoſt, 2,02 5,000,000 miles; and of the outer- 
moſt, 6, Goo, ooo, ooo. | rh N 
156. By the above-mentioned laws, & 150 & ſeg.” bodies will move The above 
in all kinds of Ellipſes, whether long or ſhort, if the ſpaces they move _ ſufficient 
in be void of reſiſtance. Only, thoſe which move in the longer boch in circu- 
Ellipſes, have ſo much the leſs projectile force impreſſed upon them lar and «ltip- 
in the higher parts of their Orbits; and their velocities, in coming Orbits. 
down towards the Sun, are fo: prodigiouſly increaſed by his attraction, 
that their centrifugal. forces in the lower parts of their Orbits are ſo 
great, as to overcome the Sun's attraction there, and cauſe them to 
aſcend again towards the higher parts of their Orbits; during which 
time, the Sun's attraction acting ſo contrary to the motions of thoſe 
bodies, cauſes them to move ſlower and ſlower, until their projectile 
forces are diminiſhed almoſt to nothing; and then they are brought 


back again by the Sun's attraction, as beſore. 


1357. If the projectile forces of all the Planets and Comets were In what times 
deſtroyed at their mean diſtances from the Sun, their gravities would de Planers 
88 . 1 | bring; to 
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the Sun by bring them down ſo, as that Mercury would fall to the Sun in 
the power of 15 days 13 hours; Venus in 39 days 1 hours; the Earth or Moon 
gravity in 64 days 10 hours; Mars. in 121 days; Jupiter in 290; and 
Saturn in 767. The neareſt Comet in 13 thouſand. days; the- 
middlemoſt in 23 thouſand days; and the outermoſt in 66 thou- 
ſand days. The Moon would fall to the Earth in 4 days 20 hours;: 
Jupiter's firſt Moon would fall to him in 7 hours, his ſecond in 
1 5, his third in 30, and his. fourth in 71 hours. Saturn's firſt Moon 
would fall to him in 8 hours, his ſecond. in 12, his third. in 19, 


bis fourth in 68 hours, and the fifth in 336. A ſtone would fall to- 


the Earth's center, if there were an hollow. paſſage, in 21 minutes 


9 ſeconds. Mr. Ws rod gives the following Rule for ſuch Com- 


putations. It is demonſtrable, that half the Period of any Planet, 
When it is diminiſhed in the feſquialteral proportion of the number 


1 to the number 2, or nearly in the proportion of 1000 to 2828, is 


2 the time that it would-fall to the center of it's Orbit.” 'This propor- 


tion is, when a jy or. number contains men once 10 2: 


The prodigi- 1 ways ©: The 3 The motions of the Moons of Jupiter and Saturn "RY 
ous attrattion their Primaries, demonſtrate that theſe two Planets have ſtronger at- 
RA tractive powers than the Earth has. For, the ſtron ger that one body 
| _ attracts another, the greater muſt be the projectiſe force, and confe-- 
ntly. the quicker muſt be the motion ef that other body to keep 

it from falling to it's primary or central Planet. Jopieers ſecond: 


Moon is 124 thouſand miles farther from Jupiter than our Moon is; 


from us; and yet this ſecond: Moon. goes. almoſt eight times round: 


2,2 - | Jupiter-whilft our Moon goes only once round the Earth. What a 
e 22 pious. attractive power M the Sun then have, to draw all the 
Ms ba 36 ts and. Satellites of the Syſtem towards hirn; and. what an amaz- 
ing power muſt it have to put all theſs Plancts and Moons 
into ſuch rapid motions at firft ! Amazing indeed to us, becauſe im- 


poſſible to be effected by the ſtrength of all the living Creatures in an 
unlimited number of Worlds; but no ways hard for the - e eee 


| eee. Planetarium takes in the whole Univerſe!l | 
Ancnime- 9. The celebrated Ax chm DES affirmed: he un move the 


lem for rait. ö Earth, if be had a place at a diſtance from it to ſtand upon to manage 


ing che Earth. his machinery . This aſſertion is true in W but, 5 exami · 


*. Aſtronomical Principles of Religion, p. 66. 


+ Ads ms ro, wal Toy Oy Kiviowy i. e. Give me 2 a place to Band on, and I hall 
move the Earth. 


4, . | a 5 . nation, 1 
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per ow and materials of ſufficient ſtrength could be had. 


The ſimpleſt and eafieſt method of moving a heavy body a little 
way is by a lever or crow, where a ſmall weight or power applied to 


tze long arm will raiſe a great weight on the ſhort one. But then, 


the" ſmall weight muſt move as much quicker than the great weight, 
as the latter is heavier than the former; and the length of the long 
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| *antion, will be found abſolutdly impoſſible in fact, even though a pro- 


arm'of the lever to the length of the ſhort arm muſt be in the ſame 


proportion. Now, ſuppoſe a man pulls ar preſſes the end of the 
long arm with the force of 200 pound weight, and that the Earth 
contains in round Numbers 4,000,000,000,000,000,000,000 or 4009 
Trillions of cubic feet, each at a mean rate weighing 100 pound; 
and that the prop or center of motion of the lever is 6000 miles 
from the Earth's center: in this caſe, the length of the leyer from 


the Fulcrum or center of motion to the moving power or weight 


ought to be 12,000,000,000,000,000,000,000,000 : or 12 Quadtil- 
lions of miles; and fo many miles muſt the power move, in order 
to raiſe the Earth but one mile: whence it is eaſy to compute, that 


if Axchiupes, or the power applied, could move as ſwift as 2 can- 


non“ bullet, it would take 27, ooo, ooo, ooo, ooo or 27 Billions of years 
to raiſe the Earth one inc. | | 


If any other machine, ſuch as a combination of wheels and ſcrews, 
was propoſed to move the Earth, the time it would require, and the 


* ſpace gone through by the hand that turned the machine, would be 
the fame as before. Hence we may learn, that however boundleſs. 


our Imagination and Theory may be, the actual operations of man are 


confined within narrow bounds; and more ſuited to our real wants 


than to our deſires. | 


160. The Sun and Planets mutually attract each other: che power Hard to de. | 
by which they do ſo we call Gravity. But whether this power be ns what 


mechanical or no, is very much difputed. Obſervation proves that the 
Planets diſturb one another's motions by it, and that it decreaſes ac+ 


_ eording to the ſquares of the diſtances of the Sun and Planets ;: as 


light, which is known to be material, likewiſe does. Hence Gravity 
ſhould ſeem to arife from the agency of ſome ſubtle matter preſſing 
towards the Sun and Planets, and acting, like all mechanical cauſes, 
by contact. But on the other hand, when we conſider that the degree 
or force of Gravity is exactly in proportion to the quantities of matter in 


ty it 


* * 
9 . 
o 
* F 


thoſe bodies, without any regard to their bulks or quantity of ſurface, 


acting as freely on their internal as external parts; it ſeems to ane | 


I 2 
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the power of mechaniſm ; and to be either the immediate agency of. 
the Deity, or effected by a law originally eſtabliſhed and impreſt on all 
matter by Him. But ſome affirmi that matter, being altogether inert, 
cannot be impreſſed with any Law, even by almighty Power : and that 
the Deity, or ſotne ſubordinate intelligence, muſt therefore be con- 
ſtantly impelling' the Planets toward the Sun, and moving them with 
the ſame irregularities and diſturbances which Gravity would cauſe, if 
it could be ſuppoſed to-exift. But, if a man may venture: to publiſh. 
his own thoughts; it ſeems to me no greater abfurdity,. to ſuppoſe the 
Deity capable of infuſing a Law, or what Laws he pleaſes, into mat- 
ter, than to ſuppoſe. him capable of giving- it exiſtence at firſt, The 
manner of both is. equally inconceivable to us; but neither of them. 
imply a contradiction in our ideas: and what implies no contradiction, 
is within the power of Omnipotence. e B 
161. That the projectile foroe was at firſt given by the Deity is 
evident. For, ſince matter can never put itſelf into motion, and all 
bodies may be moved in any direction whatſoever ; and yet the Planets, 
both primary and ſecondary, move from weſt to eaſt, in planes nearly 
coincident; whilſt the Comets move in all directions, and in planes 
very different from one another; theſe motions can be owing to no 
mechanical cauſe or neceſſity, but to the ſree choice and power of an 


intelligent Being. 


162. Whatever Gravity be, it. is plain that it acts every moment of 
time: for ſhould it's action ceaſe, the projectile force would inſtantly 
carry-off the Planets in ſtraight lines from thoſe parts of their Orbits 
where Gravity left them. But, the Planets heing onee put into motion, 
there is no occaſion for any new projectle force, unleſs they meet with 
ſome reſiſtance in their Orbits; nor for any mending hand, unleſs they. 
diſturb one another too much by the mutual attractionsgs.. 


The Planets 163. It is found that there are diſturbances among the Planets in 


diſturb one 


tion. 


 / another's mo- 


their motions, ariſing from their mutual attractions when they are in the 
fame quarter of the Heavens ; and the beſt modern obſervers find that- 
our years are not always preciſely. of the ſame length. Beſides, there 


If the Planets did not act mutually upon-.one another, the. areas deſcribed by them 
Would be exactly proportionate to the times of deſcription,. & 153. But obſervations 
prove that theſe areas are not in ſuch: exact proportion, and are moſt varied when the 
greateſt number of Planets are in any particular quarter of the Heavens, When any. 
two Planets are in conjunction, their mutual attractions, which tend to bring them 
nearer to one another, draws the inferior one a little farther from the Sun, and the 
ſuperior one a little nearer to him; by which means, the figure of their Orbits is 
ſomewhat altered; but this alteration.is too ſmall to be- diſcovered in ſeveral ages. 


+ 
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is reaſon to hi that the Moon is ſomewhat nearer the Earth: now 
than ſhe was formerly; her periodical month being ſhorter than it was 
in former ages. F or, Our Aſtronomical Tables, which 3 in the preſent The conſe- 
Age ſhew the times of Solar and Lunar Eclipſes to great preciſion, do _ 
not anſwer ſo. well for very ancient Eclipſes. Hence it appears, that the 
Moon does not move in a medium void of all reſiſtance, $ 174; and 
therefore her projectile force being a little weakened, whilſt there is 
nothing to diminiſh: her gravity, ſhe- muſt be gradually approaching 
nearer the Earth, deſcribi Gnalier and fmallee Circles round it in 
every Revolution, and. finiſhing, her Period ſooner, although her abſo- 
| lute motion with regard. to. ſpace be not ſo quick now. as it was 
formerly: and, therefore, ſhe-muſt come to the Earth at laſt; unleſs 
that Being, which. gave her a. ſufficient projectile. force at the begin- 
adds a little more to it in due time. And, as all the Planets 
move in ſpaces full of ether and light, which are material ſubſtances, 
they too muſt meet with ſome reſiſtance. And. therefore, if their 
gravities are not diminiſhed, nor their projectile forces increaſed, they 
muſt neceſſarily a nearer and. nearer. che Sun, and at len gth f fall 
upon and unite wil 4 ee 
164, Here we have. a. ſtrong philoſophical. argument. alt the eter- The World 
nity of the World. For, had it exiſted from eternity, and been left vot eternal. 
by the Deity to be governed by the combined actions of the above | 
2 or powers, generally called Laws, it had been at an end long ; 
And if it be left to-them,.it muſt. come to an end. But we may | 
— certain that it will laſt. as long as was intended by its Author, who 
aught.no more to be found fault with for ironing, ſo W a work, 
than for n. man mortal... 
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16 '5. Lien T confilta. of exceeding. ſmall 2s of matter iflu- 

5 from a luminous body; as from a lighted candle 

ſuch N of matter continually flow in all directions. Dr. 

NiIx wN TYT * computes, that in one ſecond of time there flows 
4.7m ' Religious Philoſoptier, Vol. III. page 6 2 | 


: * 7 2 
1 3 3 ; - — — » 2 £ 4 31 
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62 Conearminy the Nature and 


The amazing 418,666; 6,00 600, doo, 055, 609,000, o o ui ooo, ,000;000 
— al rtictes of a byrnibg” candle; w hich number contain at 
of light, Jeaft "62%, Kr mes peer of g grains of ſand in the 
+4 Whole Batt 7 100 prains-of ſand to be 1 in length to an 
med, 1 1 k. cubic inch of. the Earth to contain one 

milliog o bios e | 


The dreadful © 156. 


effects that excite Ji 


would enſue 1 5 


'S © Bp Ak pan our : 
205 2 and, if Sing por fo 1 
from their the ſmalleſt pirtible matter diſcefnible by "our beſt microſcopes, 
being nrgers awer of 'bi 5 to us, they would ſoon deprive us of ſight 
the force atiſing from their immenſe velocity, which is above 164. 

ufand miles every ſecond *, or 1,230,000 times ſwifter than the 

E of a cannon- bullet. And We if the particles 72 4i Nt 

fo targe; that à million of them were equal in role Toy 


n of fand, we durſt no more « u our to the bh, ht 
fi e ES l 


How objets 167. When theſe K rt. _ Porn the Sun or from A 
become viſi- emal, fall upon bodies, Weary are th to our eyes, they | 


ble to us. . a 
excite in us the idea of that body by forming it's e on the retina +. 
4 pe 1 bovis rs 7 the cl Made e b e reflected from 


n 5 eh 
The rays 28 Weg FY 1 77 19 it 4 ge Rreatm of tkeſe particles, fe, 
= ken From dy vitibte body in a ſtraight tine.” That the rays moye in ftrai 


Niraight lines. bo Tro 8 d &, Unle s they be refrac is evident from bodies 
ot beir File if we bre our to look at m through the bore of a 
bended pipe; and from their ceafing tö be feeti by the miterpoſition of 


other bodies, as the fixed Stars by the interpofitioh of the Moon and 
Planets, and the Sun wholy or in part by the interpoſition of the 


A proof that Moon, Mercury, or Veris. And that theſe rays do not interfere, or 


they hinder joſtle one another out of their ways, in flowing from different bodies 
nat one an- Jags is plain fm che following Experiment. Make a little 


other's _ 
dos. bole in à Win Plate of metal, and ſet the plate upright on a table, 
facing a row of . candles ſtanding by one another; then place a 
ſheet of paper or paſtebvard at a little diſt 
the plate, and the rays of all the candles, flowing thtotgh the hole, 
will form as many ipocks of light on the paper e are candles 
before che plate; each ſpeck. as diſtinck and large, as if thete were 


only one candle to caft one ſpeck; ; Which ſhews that the rays Are no 


* This Gill be demonitated in ur ae Chg. nn *; A fine net-work 
| membrane i in the . the n „ 


* 


6 / | hinderance | 


ance from the other fide of 


7 


Properties Eb. | — 


the ok. to 10 | her in their ene ae, en e in n PLATE I, 
mne ole 4 4 Ko) 2 44 


18 69. Light, id therefore heat ſo fe; as it 5 on the Sun's rays 
(5 83; towards the end) decreaſes in proportion to. the ſquares of the 
diſtances. of the Planets from the Sun. This is 6afily demonſtrated by 
a Figure which, together. with it's deſcription, I have taken from Dr. 
SMITH's Optics *.. Let the light whic flows from a point A, and Fig. xl. 
paſſes through a ſquare hole B, be received ba a plane C, parallel 
to the plane of the hole; or, if you pleaſe, let the figure C be the | 
ſhadow. of the plane B; and. when, the diſtance C is double of B, the In what pro- 
length and breadth. of the ſhadow. C will be each double of the length —_— 
and breadth of the plane B; and treble. when AD is-treble of AB; af at co 
and ſo on: which may he eaſily, examined by the light of a candle ye diſtance. 
N at A. Therefore the ſurface of 0 the ſhadow 5.6, at the l 1 


Sun. 


3114 


— over ur times * ſpace, raed —— will be — 4 

thinner in every part of that ſpace; and at a treble diſtance; it will be 

nine times thinner ;. and at a quadruple: diſtance, ſteteen times thinner, 

than it, was, at firſt 3 and ſo a, according to the increaſe of the ſquare: 

furfaces-B, C P, E, built upon the diſtances AB Ae, AD, AE. 

Conſequently; t 0 24 2 rarefied light received upon a > 

face, of, any, given e and ſhape whatever, removed ſucceflively to 

thelg ſeveral, diſtanges, will a e one ninth, one ſixteenth Y 

of the whale, quantity received by it at the firſt diftance AB. Or in 

.gonecal words, the denſities and quantities of light, received upon any 

Siven plane! are diminiſbed in the, ſame proportion, as the ſquares.of = 

the diſtances of that plane, from the luminous body, are increaſed: 

and on the contrary, are increaſed in the ſame perten as theſe 

ſquares are diminiſhed. | 

170 The more a teleſcope magnifies the difks of the Moon and Why the Pla- 

a they appear fo much dimmer than to the bare ; becauſe mow appear 
teleſcope cannot magnify. the quantity 'of Sight, as it $ the Gar- — hes 

_ ; and, by ſpreading the ſame quantity of light over a. ſurface. _—_— 

much larger than the naked eye beheld, juſt fo much dimmer mag * ang 

_ er viewed dy" a teleſcope than by the bare ä 


* Bock I. And 57. ES N A OY i , 
171. When 


| 64. Powe the Mature and 


PLATE H. 171, When a ray of ght paſſes out of one medium ® into'anofher, 
f it is refracted, or pk out K it's firſt courſe, more or leſs, as it fals 
| more or leſs obliquely on the n ſurface which divides the two 
mediums. This may be proved by ſeveral experiments; of which 
Fig. VII. we ſhall only give three for example's fake. f. In a baſon FGAH put 
az piece of money as DB, and then retire from it as to A, till the 
e of the baſon at E juſt hides the money from your fight : then, 
| 5 keeping your head ſteady, let another perſon fill the baſon gently with 
1 f water. As he fills it, you will fee more and more of the piece DB ; 
| Refrafion of which will be all in view when the baſon is full, and appear as if lifted 
bake af up to C. For, the ray AEB, which was Araight wHIRt the biſon was 
8 Ke: 
empty, is now bent at the ſurface of the water in E, and turned out 
of it's rectilineal courſe into the direction ED. Or, in other words, 
the ray DEK, that proceeded in a ſtraight᷑ line from the edge D whilſt 
the baſon was empty, and went above the eye at A, is now bent at E; 
and inſtead of going on In the rectilineal direction DEX, goes in the 
angled directien DEA, and by entering the eye at A renders the object 
D visible: Or, 2dly, place the baſon where the Sun ſhines obliquely, 
and obſetve where the ſhadow'of' the rim E falls on the bottom, as at 
B: then fill it wun water, and the ſhadow will fall at D; which 
Preves, that the. of light, falling obliquely on the ſurface of the | 
Wuter, are reffuct , or dent downwards inte it.“ ie 
1557 The Jef" obliquely wo of light fal upon the abe of 
any medium, che leſs they are racted ; and if they fall perpendicu- 
lay cheteoh, they ate not refracted at all- For, in the laſt experi- 
ment, the higher the Sun riſes, the leſs will be tire difference between the 
Places where the edge of che thadow falls, in the empty and full baſon. 
And, zaly, I A be laid over the baſon, and the Sun's rays be re- 
Aected perpendiculafly into it fromi/a looking-glaſs, the ſhadow of the 
Rick will fall pee ie Lame place of enen ee the baſon . 


— ene oe nn 


rr 2323 ow — — 
4 + 


bes full er empty. ne $19 e e 16 21 8007 
173. The dener 4Hat any medium is; the more is nen reftadted 
in p in patling through it. I uf 
Hat nod n n? art Agar god! R rt & 1 


The atmo- 174. 'The Earth is firrounded by a thin fluid 2 of miles! alls 

hit the Arr ,- of Almioſphere, which gravitates to the Earth, revolves with it 

». > ie dburnal "motion, and goes round the Sun with it every year. 5 
This fluid is of an elaſtic or ſpringy nature, and it's lowermoſt parts 


- 0: le, in "this ſenſe, i is On tranſparent body, or that through which the rays 
of F ned can paſs; as Water, glaſs, diamond, airz and even a vacuum is ſometimes 
called; a Medium, 


Concerning the Atmoſphere. 68 | | 


being preſſed by the weight of all the Air above them, are ſqueezed the 1H 
cloſer together ; and are therefore denſeſt of all at the Earth's ſurface, | | in 
and gradually rarer the higher up. It is well known * that the 1 
Air near the ſurface of our Earth poſſeſſes a ſpace about 1200 times h | ö 

greater than Water of the ſame weight. And therefore, a cylindric | 
column of Air 1200 feet high is of equal weight with a cylinder of | Bp 
Water of the fame breadth, and but one foot high. But a cylinder : ' 
of Air reaching to the top of the Atmoſphere is of equal weight with 1 
a cylinder of Water about 33 feet high + ; and therefore if from the | 
whole cylinder of Air, the lower part of 1200 feet high is taken i 
away, the remaining upper part will be of equal weight with a cylin- 
der of Water 32 feet high ; wherefore, at the height of 1200 feet, 
or two furlongs, the weight of the incumbent Air is leſs, and conſe- 
quently the rarity of tie compreſſed Air is greater than near the Earth's "1 

ſurface, in the ratio of 33 to 32. And having-this ratio, we may com- [in 
pute the rarity of the Air at all heights whatſoever, ſuppoſing the _—_ 
expanſion thereof to be reciprocally proportional to it's compreſſion ; 1 
and this proportion has been proved by the experiments of Dr. Hooke 


and others. The reſult of the computation I have ſet down in the Wn 
annexed Table; in the firſt column of which you have the height of 3 
the Air in miles, whereof 4000 make a ſemi-diameter of the N 5 
Earth; in the ſecond the compreſſion of the Air, or the incum- | | | 


bent weight; in the third it's rarity or expanſion, ſuppoſing gravity 
to decreaſe in the duplicate ratio of the diſtances from the Earth's 
center. And the ſmall numeral figures are here uſed to ſhew what 
number of cyphers muſt be joined to the numbers expreſſed by the larger 
figures, as O.“) 1224 for 0.000000000000000001224, and 2695675 : 
for 26956000000000000000. OO VV 

From this Table it appears that e 
the Air in d upwards is 2 


[ : 


5 Height. Compreſſion. Expanſion. The Air: 


rarefied in ſuch manner, that a N — 
ſphere of that Air which is neareſt the | 5 17.8515 ...|. . 1.8386 ee 
Earth but of one inch diameter, if 1 Sfp: > 0 27.1 | different | 
. dilated to an equal rarefaction with | 40 apes bh |. 136.83 e. 
that of the Air at the height of ten 400] . 171224269565 


ſemi-diameters of the Earth, would 4 o. 18280 26263139 
fill up more ſpace than is contained 40000 o., 1 * 78951 417984%7 
in the whole Heavens on this fide | fag. 92 2 3 Td: 

the fixed Stars.” And it likewiſe q—— ; — 

NEW Trox's Syſſem of the World, p. 120. | Os | 

+ This is evident from pumps, ſince none can draw water higher than 33 feet. 

| | * | appears 


light. 


66 | Concerning the Atmoſphere. 
appears that che Moon does not move in a perfectly free and un- 
reſiſting medium; although the Air, at a height equal to her diſtance, 
is at leaſt 34000'?9® times thinner than at the Earth's ſurface ; 
and therefore cannot reſiſt her motion, ſo as to be ſenſible in many 
ages. 5 : | | 5 


It's weight | 17 5. The weight of the Air, at the Earth's ſurface, is found by 


how found. experiments made with the air- pump; and alfo by the quantity of 


mercury that the Atmoſphere balances in the barometer ; in which, at 


a mean ſtate, the mercury ſtands 295 inches high. And if the tube 


were a ſquare inch wide, it would at that height contain 294 cubic 
inches of mercury, which is juſt 15 pound weight; and ſo much 


weight of Air every ſquare inch of the Earth's ſurface ſuftains ; 
and every ſquare foot 144 times as much, becauſe it contains 144 


ſquare inches. Now, as the Earth's ſurface contains, in round 
numbers, 200,000,000 ſquare miles, itt muſt contain no lefs than 
5 5. $0,000,000,000- ſquare feet; which being multiplied by 
2160, the number of pounds on each ſquare foot, amounts to 
12,043,468, 800, oo0, oo, oo pounds, for the weight of the whole 
Atmoſphere. At this rate, a middle-ſized man, whoſe ſurface is 
about 1 5 ſquare feet, is preſſed by 32, 400 pound weight of Air all 
around; for fluids prefs equally up and down, and on all fides. 
But, becauſe this enormous weight is equal on all ſides, and eounter- 
balanced by the ſpring of the Air diffuſed through all parts of our 
bodies, it is not in the leaſt degree felt by us. | VS 39 


A common 176. Offtentimes the ſtate of the Air is ſuch, that we feel ourſelves 
miſtake about languid and dull; which is commonly thought to be occaſioned by 


of toy * the Air's being foggy and heavy about us. But that the Air is then 


too light, is evident from the mercury's finking in the barometer, at 

which time it is generally found that the Air has not ſufficient 
ſtrength to bear up the Vapours which compoſe the Clouds: for, 

when it is otherwiſe, the Clouds mount high, the Air is more elaſtic 

and weighty about us, by which means it balances the internal ſpring 

of the Air within us, braces up our blood-veſſels and nerves, and 

| makes us briſk and lively. FL SEE e 3 $1123 
Without an 177. According to * Dr. KILL, and other aftronomical writers, 
Atmoſphere it is entirely owing to the Atmoſphere that the Heavens appear bright 


the Heavens » 


„ the day-time. For, without an Atmoſphere, only that part of 
appear dark, the Heavens would ſhine in which the Sun was placed: and if we 


and we mould could live without Air, and ſhould turn our backs towards the Sun, 
| my | X '*'See his Aſtronomy, p. 232. 51 Uh 


Concerning the Atmiaſpbere. 


che whole Heavens would appear as dark as in the night, and thePLATE U. 


Stars would be ſeen as clear as in the nocturnal ſky. In this caſe, 
we ſhould have no twilight; but a ſudden tranſition from the. brighteſt 
ſunſhine to the blackeſt darkneſs immediately after ſun- ſet; and from 
the blackeſt darkneſs to the brighteſt ſun-ſhine at ſun-rifing ; which 
would be extremely- inconvenient, if not blinding, to all mortals. 
But, by means of the Atmoſphere, we enjoy the Sun's light, reflected 
from the aerial particles, for ſome time before he riſes and after he 
ſets. For, when the Earth by it's rotation has withdrawn the Sun 
from our ſight, the Atm6ſphere being ftill higher than we, has his, 
light imparted to it; which gradually decreaſes until he has got 18 
degrees below the Horizon ; and then, all that part of the At- 
moſphere which is above us is dark. From the length of twi- 
Tiga, the Doctor has calculated the height of the Atmoſphere 
(ſo far as it is denſe enough to reflect any light) to be about 44 
miles. But it is ſeldom denſe enough at two miles height to bear 
up the Clouds. eos A 126 £26 1 


178, The Atmoſphere refracts the Sun's rays ſo, as to bring him in It brings the 


fight every clear day, before he riſes in the Horizon; and to keep him 
in view for ſome minutes after he is really ſet below it. For, at ſome 


times of the year, we ſee the Sun ten minutes longer above the Horizon keeps him in 
than he would be if there were no refractions: and about fix minutes . after he 


every day at a mean rate, 


179. To illuſtrate this, let TEX be a part of the Earth's ſurface, Fig. IX, 


covered with the Atmoſphere HG FC ; and let HEO be the * ſenſi- 
ble Horizon of an obſerver at E. When the Sun is at 4, really 
below the Horizon, a ray of light AC proceeding from him comes 
ſtraight to C, where it falls on the ſurface of the Atmoſphere, and 
there entering a denſer medium, it is turned out of it's rectilineal 
courſe ACdG, and bent down to the obſerver's eye at E; who then 
ſees the Sun in the direction of the refracted ray edE, which lies 
above the Horizon, and being extended out to the Heavens, ſhews 
the Sun at B, $ 171. | 1 1 Ts 
180. The higher the Sun riſes, the leſs his rays are refracted, 
becauſe they fall leſs obliquely on the ſurface of the Atmoſphere, 
§ 172. Thus, when the Sun is in the direction of the line EfL 
eontinued, he is fo nearly perpendicular to the ſurface of the 
Earth at E, that his rays are but very little bent from a rectilineal 
COur ſe. | | 5 | ; 2 
. | * As far as one can ſee round him on the Earth, _ 3 

K 197 Ka 


181. The Sun is about 32 

at his mean diſtance from the 

Earth; and the horizontal re- 
The quantity fraction of his ra 
of Refraction. vyhich being 
whole diameter, brings all his 

Diſc in view, when his upper- 

moſt edge riſes in the Horizon. 

At ten deg. height the refrac- 

tion is not quite 5 min.; at 20 
deg. only 2 min. 26 ſec.; at 
30 deg. but 1 min. 32 ſec.; 
between which and the Zenith, 
it is ſcarce ſenſible : the quan- 

tity throughout, is ſhewn by 

the annexed table, calculated 

by Sir Is A Ac NEwToN. 

183. In all obſervations, to 

have the true altitude of the 

Sun, Moon, or Stars, the re- 

fraction muſt be ſubtracted from 
The incon- the obſerved altitude. 
f Re · quantity of refraction is not al- 
ways the ſame at the ſame alti- 
tude; becauſe heat diminiſhes 
the Air's refractive power and 
denſity, and cold increaſes both ; 
and therefore no one table can 
ſerve preciſely for the ſame - 
place at all ſeaſons, nor even 
at all times of the ſame day; 
for different cli- 
mates: it having been obſerved 
that the horizontal refractions 
are near a third part leſs at 
the Equator than at Paris, as 
mentioned by Dr. SMITH in 
the 370th remark on his Op- 
tics, where the following ac- 
given of an extraor- 


traction of the Sun- 


ys is 334 min. 
more than 


much leſs 


count is 
dinary rel 
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＋ min. of a deg. in breadth, when 


182, ATABLE ſhewing the Refraftions 
of the Sun, Moon, and Stars; 
ted to their apparent Al- 
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Concerning the Atmoſphere. 


beams by cold. There is a famous obſervation of this kind made PLATE 11. 
by ſome Hollanders that wintered in Nova Zembla in the year 1596, A very re- 


markablecaſe 
concerning. 
refraction, 


who were ſurpriſed to find, that after a continual night of three 
months, the Sun began to riſe ſeventeen days ſooner than according 
to computation, deduced from the Altitude of the Pole obſerved 
to be 76: which cannot otherwiſe be accounted for, than by an 
extraordinary quantity of refraction of the Sun's rays, paſſing through 


the cold denſe air in that climate. KePLER computes that the Sun 


was almoſt five degrees below the Horizon when he firſt appeared ; 

and conſequently the refraction of his rays was about nine times greater 

than it is with us.” e 1 e 
184. The Sun and Moon appear of an oval figure, as FCGD, juſt 


after their rifing, and before their ſetting: the reaſon is, that the re- Fig. X. 


fraction being greater in the Horizon than at any diſtance above it, the 

lowermoſt limb G appears more elevated than the uppermoſt. But 
although the refraction ſhortens the vertical Diameter FG, it has no 
ſenſible effect on the horizontal Diameter CD, which is all equally 


elevated. When the refraction is ſo ſmall as to be imperceptible, the 


- 


Sun and Moon appear perfectly round, as AEBF. 


18 5. We daily obſerve, that the objects which appear moſt diſtin& Our imagina- 
are generally thoſe which are neareſt to us; and conſequently, when tion cannot 
Judge rightly 
of the 
tance of inac- 
ceſſible ob- 
jects. 


we have nothing but our imagination to aſſiſt us in eſtimating of di- 
ſtances, bright objects ſeem nearer to us than thoſe which are leſs bright, 
or than the ſame objects do when they appear leſs bright and worſe 
defined, even though their diſtance in both caſes be the ſame. And 
jf in both caſes they are ſeen under the ſame Angle *, our imagination 

h naturally 


* An Angle is the inclination of two right lines, as IH and KH, meeting in a point Fig 


at H; and in deſeribing an Angle by three letters, the middle letter always denotes the 
angular point: thus, the above lines IH and KH meeting each other at H, make the 
Angle IHK. And the point H is ſuppoſed to be the center of a Circle, the circum- 
ference of which contains * equal parts, called Degrees. A fourth part of a Circle, 
called a Quadrant, as GE, contains go degrees; and every Angle is meaſured by the 
number of degrees in the Arc it cuts off; as the Angle EHP is 45 degrees, the Angle 
EHF 33, &c, and ſo the Angle EHP is the ſame with the Angle CAN, and alſo with 
the Ante AHM, becauſe they all cut off the ſame Arc or portion of the Quadrant EG; 
and ſo likewiſe the Angle EHF is greater than the Angle VD or AHL, becauſe it 
cuts off a greater Arc. | | | 
The nearer an object is to the eye, the bigger it appears, and under the greater Angle 
is it ſeen, Toa illuſtrate this a little, ſuppoſe an Arrow in the poſition IX, perpendicular 
to the right line HA drawn from the eye at H through the middle of the Arrow 
at O. It is plain that the Arrow is feen under the Angle IHK, and that HO, which is 
it's diſtance from the eye, divides into halves both the Arrow and the Angle under which 


o 


* - The Aenne of the 


3 13 an idea of a greater Gſtance between us and thoſe 
objects ich appear fainter and. worſe defined than thoſe which appear 
brighter under the ſame Angles ;: efpecially if they be ſuch objects as 
we were never near to, and of whoſe real Magnitudes we can be no 
judges by ſight. + 0 * 
Nor always 186. But, it is not only deg: of the different i Mont 
— tudes of the ſame objects, which are better or worſe defined by their 
OO being more-orteſs bright; that we may be deceived: for we may make 
a wrong concluſion even when we view, them under equal degrees of 
brightneſs, and under equal Angles; although they be objects whoſe 
bulks we are generally acquainted with, ſuch as houſes or trees c for 
0 of which, the two following inſtances may ſuffice. .,  _. 
The reafpn ¶ Firſt; When a houſe is ben over a very broad river by a perſon * 5 
> aligned. ing on tow: ground, ho ſees nothing of che river, nor knows of it 
beforehand; the breadth of the river — hid from him, becauſe the 
banks ſeem .contigugus, he loſes. the idea of a diſtance equal to that 
breadth ; and the houſe ſeems ſmall, : becauſe he tefers it to a leſs diſ- 
ance chan it really is at. But, if he. goes to a place from which the 
river and interjacent ground can, be ſeen, though no farther from the 
houſe, he then perceives the houſe to be at a greater diſtance than he 
- Imagined ; and therefore fancies it to be. bigger than he did at firſt ; 

_ _ - althoughin both caſes it appears under the —. Angle, and conſequently 
makes no bigger picture on the retina of his eye in the latter caſe than it 
did in the former. Many have been deceived, by taking a red coat of 
ums, fixed upon the iron gate in Clare. Hall walks at Gembridge, for a 

* houſs': at a much „ diſtance © . 


| Secondly, 


it is ** 3 viz. the Arrow into 10, OK, and the Angle into ZHO and KHO: and this 
„ oi mal be the caſe. whatever diſtance the Arrow i is placed at. Let now three-Arrows, all of 
the fame length with JK, be placed at the diſtances HA, HC, HE, Rill perpendicular 
td, and biſected by the right line HA; then will 4B, CD, EF, be each equal to, and 
repreſent 10; and 4B (the ſame as 10) will be ſeen from H under the Angle AHB; 
but C (the ſame as 10) will be ſeen under the Angle CHD or AHL; and EF (the 
ſameas 10) will be ſeen under the Angle EHE, or CAN, or AH1/. Alſo, EF or 10 
at the diſtance E will appear as long as CN. would at the diftance HC, or as "AM would 
at the diſtance HA; end CD or O at the diſtance HC will appear as long as AL would 
at the diſtance HA. So that as an object approaches the eye, both it's Magnitude and 
the Angle under which itis ſeen increaſe; and as the al e recedes, the contrary, _ 
* The fields which are beyond the gate riſe gradually till they are juſt ſeen over it; 
5 1 being , are often miſtaken for a houſe at a conſiderable diſtance in 
tho 8 | 
I-onee met with a curious deception in a gentleman” 8 garden at Hackney, occaſioned 
by a large pane of glaſs in the garden-wall at ſome diſtance from his houſe, The laſs 
. which the > held and ſky were diſtinctly ſeen) reflected a very faint image o . 
8 3 : 


> 


Secondly, In foggy weather, at firſt fight, we generally imagine apLATE II. 
ſmall houſe, which is juſt at hand, to be a great caſtle at a diſtance; 
becauſe it appears ſo dull and ill defined when ſeen through the Miſt, 
that we refer it to a much greater diſtance than it really is at; and 
therefore, under the ſame Angle, we judge it to be much bigger. For, 
the near object FE, ſeen by the eye ABD, appears under the ſame : 
Angle GCH, that the remote object GHT does: and the rays GFCN Fig. XII. 
and HECM crofling one another at C in the pupil of the eye, limit 
the ſize of the picture MN on the retina ; which is the picture of the 
object FE, and if FE were taken away, would be the picture of the 
object GH, only worſe defined; becauſe GHT, being farther off, ap- 
pears duller and fainter than FE did. But if a Fog, as KL, comes 
between the eye and the object FE, it appears dull and ill defined like 
_ GHI,; which cauſes our imagination to refer FE. to the greater diſtance 
CA, inſtead of the ſmall diſtance CE which it really is at. And conſe- 
quently, as miſ-judging the diſtance does not in the leaſt diminiſh the 
Angle under which the object appears, the ſmall hay-rick E ſeems 
to as big as G HI. 4% 2:07 of Ait t ante ene at 


187. The Sun and Moon appear bigger in the Horizon than at any rig. 1%, 
_ conſiderable height above it. Theſe Luminaries, although at great diſ- 
tances from the Earth, appear floating, as it were, on; the ſurface of 


— / 


4 
? 


/ 


our Atmoſphere HGFfeC, a little way beyond the Clouds; of which, 
thoſe about F, directly over our heads at E, are nearer us than thoſe Why the Sun 
about H or e in the Horizon HEe. Therefore, when the Sun or Moon 0 ee os 
appear in the Horizon at e, they are not only ſeen in a part of the Sky £ 3 
which is really farther from us than if they were at any conſiderable 20n. 
Altitude, as about /; but they are alſo ſeen through a greater quantity 
of Air and Vapours at e than at.. Here we have two concurring ap- 
earances which deceive our imagination, and cauſe us to refer the Sun 
and Moon to a greater diſtance at their riſing or ſetting about e, than 
when they are conſiderably high, as at /: firſt, their ſeeming to be on 
a part of the Atmoſphere at e, which is really farther than F from a 
ſpectator at E; and ſecondly, their being ſeen through a groſſer me- 
dium when at e than when at 7; which, by rendering them dimmer, 
cauſes us to imagine them to be at a yet greater diſtance. And as, in 
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houſe; but the ĩmage ſeemed to be in the Clouds near the Hare and at that diſtance 
looked as if it were a huge caſtle in the Air. Yet, the Angle under which the image 
e was equal to that under which the houſe was ſeen; but the image being men- 
tally. referred a much greater diſtance than the houſe, appeared much bigger to the imagi- 
nation. | ee ag, ID art; n ai — 
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72 De Phenomena of the Horizontal Moon explained. | 


both caſes, they are ſeen ® much under the ſame Angle, we naturally 

judge them to be biggeſt when they ſeem fartheſt from us; like the 
above-mentioned houſe, F 186, ſeen from a higher ground, which 

ſhewed it to be farther off than it appeared from low ground; or the 

hay-rick, which appeared at a greater diſtance by means of an inter- 
rn ee eee eur 

Their ap- 188. Any one may ſatisfy himſelf that the Moon appears under no 
parent Dia. greater Angle in the Horizon than on the Meridian, by taking a large 

meters are not | . 3 | . 

leſs on the ſheet of paper, and rolling it up in the form of a Tube, of ſuch a 
Meridian width, that obſerving the Moon through it when ſhe riſes, ſhe may, 
1 as it were, juſt fill he Tube; then tie a thread round it to keep it of 

that ſize; and when the Moon comes to the Meridian, and appears 

much leſs'to the eye, look at her again through the ſame Tube, and 

| ſhe will fill it juſt as much, if not more, than ſhe did at her riſing, 

- 189. When the full Moon is in perigeo, or at her leaſt diſtance from 

the Earth, ſhe is feen under a larger Angle, and muſt therefore ap- 

pear- bigger than when ſhe is Full at other times: and if that part of 


the Atmoſphere where ſhe riſes be more replete with -Vapours than 
utſual, ſhe appears ſo much the dimmer; and therefore we fancy her 
do be ſtill the bigger, by referring her to an unuſually great diſtance , 
knowing that no objects which are very far diſtant can appear big unleſs 


2 


Dye Merbod of finding the Diſtances of the Sun, Moon, and 
Wc 


190. HOSE who have not learnt how to take the ꝶ Altitude of 
1 any Celeſtial Phenomenon by a common Quadrant, nor 
know any thing of Plain Trigonometry, may paſs over the firſt Article 
of this ſhort Chapter, and take the Aſtronomer's word for it, * the 


The Sun and Moon ſubtend a greater Angle on the Meridian than in the Horizon, 
being nearer the Obſerver's Place in the former caſe than the latter. 
© + The Altitude of any celeſtial Phenomenon is an arc of the Sky intercepted be- 

_ tween the Horizon and the Phenomenon. In Fig. VI. of Plate II. let HOX be a 

: horizontal line, ſuppoſed to be extended from the eye at A to A, where the Sky and 
l | Earth ſeem to meet at the end of a long and level plain; and let & be the Sun, The 
arc XY will be the Sun's height above the Horizon at A, and is found by the inſtru- 
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The Method of finding the Diftancer, ke. 53 8 


diſtances of the Sun and Planets are as ſtated in the firſt Chapter of this PLATE Iv. ; 
Book. But, to every one who knows how to take the Altitude of the -j 
Sun, the Moon, or a Star, and can ſolve a plain right-angled Triangle, | 1 5 
the following method of finding the diſtances of the Sun and Moon 

will be eaſily underſtoooe. | 3 

Let BAG be one half of the Earth, AC it's ſemi-diameter, & the Fig. 1. 1 
Sun, mn the Moon, and EKO a quarter of the Circle deſcribed by | i. 
the Moon in revolving from the Meridian to the Meridian again. 1 
Let CRS be the rational Horizon of an obſerver at J, extended to the | 
Sun in the Heavens; and AO his ſenſible Horizon, extended to . 
the Moon's Orbit. ALC is the Angle under which the Earth's ſemi- | | 
drameter AC is ſeen from the Moon at L, which is equal to the | | | 
Angle OAL, becauſe the right lines AO and CL which include both 

theſe Angles are parallel. ASC is the Angle under which the Earth's I 

ſemi-diameter AC is ſeen from the Sun at S, and is equal to the Angle | : 

O Af, becauſe the lines AO and CRS are parallel. Now, it is found | 3 

by obſervation, that the Angle OAL is much greater than the Angle Wi. 

GA,; but OA is equal to ALC, and OA is equal to ASC. Now, | | * 


as ASC is much leſs than ALC, it proves that the Earth's ſemi- 
diameter AC appears much greater as ſeen from the Moon at L, than 
from the Sun at $; and therefore the Earth is much farther from the | 1 
Sun than from the Moon *. The Quantities of theſe Angles are de- : . 
termined by obſervation in the following manner. . | | 


ment EDC, which is a quadrantal board, or plate of metal, divided into go equal = 
parts or degrees on it's limb DC; and has a couple of little braſs plates, as à and , | 
with a fmall hole in each of them, called S/ght- Holes, for looking through, parallel | 
to the edge of the Quadrant whereon they ſtand... To the center E is fixed one 
end of a thread F, called the Plumb-Line, which has a ſmall weight or plummet P 
fixed to it's other end. Now, if an obſerver holds the- Quadrant upright, without 
inclining it to either fide, - and fo that the Horizon at & is ſeen through” the fight- 
holes @ and 5, the plumb-line will cut or hang over the ar . of the degrees at o, 
in the edge EC; but if he elevates the Quadrant fo as to look through the ſight- holes 
at any part of the Heavens, ſuppoſe to the Sun at &; juſt ſo many degrees as he 
elevates the ſight- hole þ above the horizontal line HOA, ſo many degrees will the 
plumb- line cut in the limb CP of the Quadrant. For, let the obſerver's eye at 4 
bh in the center of the celeſtial Arc AY (and he may be ſaid to be in the center of 
the Sun's apparent diurnal Orbit, let him be on what part of the Earth he will) in 
which Arc the Sun is at that time, ſuppoſe 25 degrees high, and let the obſerver hold 
the Quadrant ſo that he may ſee the Sun through the ſight-holes; the plumb-line 
freely playing on the Quadrant will cut the 25th degree in the limb CP, equal to the 
number of degrees of the Sun's Altitude at the time of obſervation. N. B. Who- 
ever looks at the Sun, muſt have a ſmoked glaſs before his eyes to ſave them 
from hurt. The better way is not to look at the Sun through the ſight-holes, but : 1 
to hold the Quadrant facing the eye, at a little diſtance, and ſo that the Sun ſhining i ; = 
through one hole, the ray may be ſeen to fall on the other. | nt 
See the Note on 185, e | | ; 
| - | : Let 
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The Method of fnding the Diſtances 


Let = graduated instrument; 4 DAE (the larger the Better) | 


hav! a moveable Index with Sight-holes, be fixed in ſuch a man- 
ner, that it's plane ſurface may be parallel to the Plane of the Equa- 


tor, and it's edge AD in the Meridian : fo that when the Moon 


is in the Equinoctial, and on the Meridian at E, ſhe may be ſeen 


through the fight- holes when the edge of the morathle index cuts 


the beginning of the diviſions at o, on the graduaded limb DE; 
and when ſhe is ſo ſeen, let the preciſe time be noted. Now, as 


the Moon revolves about the Earth from the. Meridian to the . 
Meridian again in 24 hours 48 minutes, ſhe will go a fourth part 


round it in a fourth part of that time, viz. in 6 hours x2 minutes, 


as ſeen from C. that is, from the Earth's center or Pole. But as 


ſeen from AH, che obſerver's place on the Earth's ſurface, the Moon 
will ſeem to have gone a quarter round the Earth when the comes 


to the ſenfible Horizon at O; for the Index through the fights 


of which the is then viewed will be at d, 9o degrees from D, 


where it was when ſhe' was ſeen at E. Now, let the exact mo- | 
ment when the Moon is ſeen at O (which will be when ſhe is 


in or near che ſenfible Horizon) be carefully noted *, that it may 
be known in what time ſhe has gone from E to 0; which time 


ſudtracted from 6 hours 12 minutes (the time of her going from 


E to L) leaves the time of her going from O to L, and affords 


an eaſy method for finding the Angle OAL (called the Moon's w>. 5 
_ dorzzontal Pareliax, which is equal to the Angle ALC) by the 
following Analogy : As the time of the Moon's deſcribing the Arc 
| 80 is to go deg egrees, fo is 6 hours 12 minutes to the degrees f 


the Arc hich meaſures ' the Angle EAL ; from which 
ſubtract 90 degrees, and there remains the Angle OAL, equal- to 


the Angle ALC, under which the Earth's ſemi- diameter AC is 
ſeen from the Moon. Now, fince all the Angles of a right-lined 
Triangle are equal to 180 degrees, or to two right Angles, and the 


fides of a Triangle are always proportional to the Sines of the oppoſite 


s Angles, ſay, by the Rule of Three, as the Sine of the Angle ALC at 


the Moon L is to it's oppoſite fide AC, the Earth's ſemi-diameter, 
' which is known to be 3985 miles, ſo is Radius, viz. the Sine of 
or of the- right Angle ACL, to it's oppoſite fide AL, 


90 | 
whack is the Moon's diftance ke L from the obſerver's place at 4 * 


on the Earth's ſurface; er, ſo is the Sine of the Angle CAL to 


Here proper allowance muſt be made for the RefraQtion, which being about 34 
minutes of a degree in the Horizon, will cauſe the Moon's 8. center to _ 34 1 8 He 


above the Horizon when her center is 8 in it, 


- 
« ' 8 wy 5 8 * 5 
3 ; © : "_ 5 | | 15 5 5 ir 8 
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of the Sun, Moon, and Planets. ** by 


its oppoſite fide CL, which is the Moon's diſtance from the Earth's 
center, and comes out at a mean rate to be 240, ooo miles. The 


Angle CAL is equal to what OAL wants of go degrees. | 
191. The Sun's diſtance from the Earth is found the fame way, The Sun's di- 
but with much greater difficulty; becauſe his horizontal Parallax, Fence Sonny 
or the Angle OAS equal to the Angle ASC, is fo ſmall, as to be aa * — 
hardly perceptible, being only 10 ſeconds of a minute, or the 360th mined as the 
part of a degree. But the Moon's horizontal Parallax, or Angle ene. 
OAL equal to the Angle ALC, is very diſcernible, being 57 49, 
or 3469“ at it's mean ſtate; which is more than 340 times as 
great as the Sun's: and therefore, the diſtances of the heavenly 
bodies being inverſely as the Tangents of. their horizontal Paral- 
laxes, the Sun's diſtance from the Earth is at leaſt 340 times as 
great as the Moon's; and is rather underſtated at 81 millions of 
miles, when the Moon's diſtance is certainly known to be 240 
thouſand, But becauſe, according to ſome Aſtronomers, the 
Sun's horizontal Parallax is 11 ſeconds, and according to others 
only 10, the former Parallax making the Sun's diſtance to be 
about 75,000,000 of miles, and the latter 82,000,000 5 we may 
take it for granted, that the Sun's diſtance is not leſs than as de- 
duced from the former, nor more than as ſhewn by the latter: and 
every one who is accuſtomed to make ſuch obſervations, knows 
how hard it is, if not impoſſible, to avoid an error of a ſecond; . 8 
eſpecially on account of the inconſtancy of horizontal Refractions. 
And here, the error of one ſecond, in ſo ſmall an Angle, will make 
an error of 7 millions of miles in ſo great a diſtance as that of 
the Sun's. But Dr. HarIEY has ſhewn us how the Sun's diſ- 
tance from the Earth, and conſequently the diſtances of all the 
Planets from the Sun, may be known to within a gooth part of the 
whole, by a Tranfit of Venus over the Sun's Diſe, which will hap- How near the 
pen on the 6th of June, in the year 1761; till which time we muſt __ ä 
content ourſelves with allowing the Sun's diſtance to be about 81 mil termined. 
lions of miles, -as commonly ſtated by Aſtronomers. | : 
192. The Sun and Moon appear much about the ſame bulk: 
And every one who underſtands Geometry, knows how their true 
bulks may be deduced from the apparent, when their real diſ- The Sun 
tances are known. Spheres are to one another as the Cubes of proved to be. 
their Diameters ; whence, if the Sun be 81 millions of miles from 133288 
the Earth, to appear as big as the Moon, whoſe diſtance does not Moon. 
exceed 240 thouſand miles, he muſt, in ſolid bulk, be 42 millions 
8-5 thouſand times as big as the Moon. 3 
| 
| 
| 
| 


LS 193. The 


", De Periods and ö  Diftances of the Planets. 


13. The horizontal Parallaxes are beſt obſerved at the Equator; 
1. Becauſe the heat is ſo nearly equal every day, that the Refractions 
are almoſt conſtantly the ſame... 2. Becayſe the parallactie Angle is 

greater there, as at 4 (the diſtance from thence to the Earth's Axis 

| beings gromer) than upon any parallel of Latitude, as a-or b. 


The relative, 194. The Earth's diſtance from the Sun I determined, 


1 the diſtances of all the other Planets from him ate eaſily found 
from che Sun by the following analogy, their periods round him being aſcer- 
are _—_— © tained by obſervation. As the ſquare of the Earth's period round 
— reci- the Sun is to the cube of it's ce from him, ſo is the ſquare 
1 i ic of the period of any other Planet to the cube of it's diſtance, in 


ſuch parts or meaſures as the Earth's diſtance was taken; ſee $ 111. 
A This proportion gives us the relative mean diſtances of the Planets 


from the Sun to the greateſt degree of exactneſs; and they are as 


follow, having been deduced from their periodical times, accord- 


ing to the law juſt mentioned, which was diſcovered ** Beine 
and demonſtrated by Sir Isaac NEwToN. 


| Periodical Revolution to the ſame red Star in days and decimal part ofa day. 
Of Mercury Venus The Earth Mars Jupiter | Saturn 


87.9692 r * 365.256 686.9785 4332514 10759-275 , 


Relative mean diſtances from the Sun. Ie 


. 38710 © 72333 1000 13239 520096 938540 


| From-thiſe numbers we deduce, that if the Sur's horizontal Parallax bs 10% the real mean 
 diftances of the Planats from the Sun in Engliſh miles are 
31,742, 200 - $9,313,060 82, ooo, ooo eee 426,478,720 782,284,920 


But if the Sun's Parallax be 11”, their di diſtances are no more than 


29,032,500 34,30, 57 75,990,000 114,276,750 390,034,509 | 71555041500 | 


- 20h . Errors in diſtance arifimg from the m Male of 1” in the Sun's Parallax. EF 
SS 2,709,700 55074, 490 7,000,000. 10,665,830 36, 444,220 66, 780, 420 


8.2; and according to that, their real diſtauces in miles are 


36,668,373 68,518,044 943725840 144,588,575 492, 665, 307 903, 690, 197. 


diſtances of the Planets from the Sun to the greateſt nicety, yet 
the beſt obſervers could not aſcertain their true diſtances, until the 
late long wiſhed-for Tranſit appeared, which we muſt confeſs was 
embarraſſed with ſeveral difficulties. But there will be another Tran- 
ſit of Venus over the Sun on the third of June, 1769, much bet- 
. . ſuited to this great Froblem.—We wiſh the Sky may be clear 


But, from the late Tranſit of Venus, A. D. 1761, the Sur's Parallax appears to be only 


195. Theſe numbers ſhew, that although we have the relative 


A | 


8 , e 


1 


TH: amazing Velocity of Light. „ 2s Oy 


at all Places of obſervation (none of which can well be in Englind) 


Ince there will not be ſuch an opportunity again in leſs than 105 years 

afterward. : | ba . / 
196. The Earth's Axis produced to the Stars, being carried“ parallel 

to itſelf during the Earth's annual revolution, deſcribes a circle in the 

Sphere of the fixed Stars equal to the Orbit of the Earth. But this Why the 


Orbit, though very large, would ſeem no bigger than a point if it <*!<fval Poles 


were viewed from the Stars; and conſequently, the circle deſcribed 8 
in the Sphere of the Stars by the Axis of the Earth produced, if ſame points 


of the Hea- 


viewed from the Earth, muſt appear but as a point; that is, it's dia- „ens, not- 


meter appears too little to be meaſured by obſervation : for Dr. withſtanding 


BRADLEY has aſſured us, that if it had amounted to a ſingle ſecond, he Earth's 


. 3 tio 
or two at moſt, he ſhould have perceived it in the great zzamber of the CO 


_ obſervations he has made, | eſpecially upon y Dragons; and that it 


ſeemed to him very probable that the annual Parallax of this Star is 
not ſo great as a ſingle ſecond ; and conſequently, that it is above 


400 thouſand times farther from us than the Sun. Hence the 


celeſtial poles ſeem to continue in the ſame points of the Heayens 
throughout the year; which by no means diſproves the . Earth's 
annual motion, but plainly proves the diſtance of the Stars to be 
exceeding ee 6407 ont is 4 ea eee 

197. The {mall apparent motion of the Stars, 5 113, diſcovered by 
that great Aſtronomer, he found to be no ways owing to their annual 
Parallax (for it came out contrary thereto). but to the Aberration of 
their light, which can reſult from no known cauſe beſides that of the 
Earth's annual motion; and as it. agrees ſo exactly therewith, it proves 


beyond diſpute that the Earth has ſuch a motion: for this Aber- 


ration compleats all it's various Phenomena every year; and proves The amazing 
that the velocity of ſtar-light is ſuch as carries it through a ſpace a of 
equal to the Sun's. diſtance from us in 8 minutes 13 ſeconds of 
time. Hence, the velocity of Light is 10 thouſand 210 times as 
great as the Earth's velocity in it's Orbit; which velocity (from what 
we know already of the Earth's diſtance from the Sun) may be 
aſſerted to be at leaſt between 57 and 58 thouſand miles every hour: 
and ſuppoſing it to be 58000, this number multiplied by the above 


102 1o, gives 592 million 180 thouſand miles for the hourly motion of 


Light: which laſt number divided by 3600, the number of ſeconds in 


' ® By this is meant, that if a line be ſuppoſed to be drawn parallel to the Earth's Axis 
in any part of it's Orbit, the Axis keeps parallel to that line in every other part of it's 
Orbit: as in Fig. I. of Plate V; where abedeſgh repreſents the Earth's Orbit in an oblique 
view, and Ns the Earth's Axis keeping always parallel to the line ZN, © © 
+ Sarnen N eee 
2 : 4 , * : . l : L an 
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PLATE IV, an haut ſhews that Light flies at the rate of more than 164 thou: 


ſand miles every ſecond of: _ or ſwing of a common A eue 
dulum. 


| + w 
; nag 
: , 3$ 1 


3 55 1 A P. 9 5 
e — mo FY Clobs de aig.” he af ferent OY of 
' days and nights, and the viciſſtudes of Jeaſons, explained. 


The explanation of the Phenomena of men 8 K. _ 
. halle. . * wh and 1 ang 


Circles of the l ig8. F Gs — be 8 338 math ah W . 

Sphere. of the Globe, he ſhould now learn to know them; which he 

| aye ſufficiently for his preſent purpoſe in à quarter of an hour, if 

Fig. II. he ſets the ball of a terreſtrial Globe before him, or looks at the Fi ra 
| of it, herein theſe circles are drawn and named. The E 

that great circle which divides the northern half of the Earth Gala 

Ep — The Tropics are leſſer circles parallel to the Equator, 

5 and each of them is 23+ degrees from it; a degree in this ſenſe being 

| | the 360th part of any great at circle which divides the Earth into two 

equal parts. The Trypic h Cancer lies on the north fide of the Equator, 

and the Tropic'of Cuprocorn on the ſouth. The Afic Cirule has the 

Worth Pole for it's center, and is juſt as far from the north Pole as the 

Equator, Tro- Trepics are from the Equator : and the Antarctic Circle (hid by the 


pics, Polar 


9 ſappoſed convexity ef the Figure) is juſt as far from the Sub Pole, 
Poles. every way round it. Theſe Poles are the very north and ſouth 


Fiz. II. of the Globe: and att other places are: ee — — 

. ward, according de che fide of the Equator they lie on, and the Pole 
\ Rarth's Axis. te which they are neareſt. — . — —————— | 
5 1 the center of the dicular to the Equator, and 

terminating in the Poles at it's "+2 vm This, in the real Earth and 

Planets, is only an imaginary line; bitt in artiicial Globes or Planets it 

is a wire by which they are ſupported, and turned round in Orreries, 

Th or ſuch like machines, by wheel-work: | The circles 12. 1. 2. 3. 4, 

Meridians. c. are Meridians te all places they paſs through; and we mtiſt ſup- 
poſe thouſands more to be drawn, becauſe every place that is ever ſo 

little to the caſt or weft of other place, has a different Meridian 

from that other 2 All the Meridians meet in the Poles; and 
whenever the Sun's center is paſſing over "OP Mera, in bis apparent 
f en 


1 if oth 
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0 motion round, the Earth, it is mid-day or noon to all Plecen on Wr PLATE Iv. 

8 eridla sn. 

199. The frog Space hing between * Troplcs. like a a ſur- 

rounding the Globe; is called the torrid Zone, of which the Equator is Zones. 

in the middle, all around. The Space between the Tropic of Cancer 

and Arctic Cirele is called the North. tempergte Zong. That between 

2 A of Capricorn and the Antarctic Circle, the South temperate 
And the two circular Spaces-bourided by the Polar Circles are 

wy two Frigid Zones; denominated xorth or ſouth, from that Pole 

which js in the ceater of the one or the other of them. 


200. Hang acqeired this caly branch. of knowledge, the learner | 
may proceed to make the following experiment with his terreſtrial 

ball; yh will give him a plain idea of the diurnal and annual 

motions of the Earth, together with the different lengths of days and 


nights, and all the beautiful variety A along, depending: on thoſe 


motions. 


Take about ſeven. feet of ſtrong wire, and bend it Fe a. circular Fig. III. 
form, as abc, which being viewed obliquely, appears elliptical as in A pleaſant 
the Figure. Place a lighted candle on à table, and having fixed one gabe ing de 
end of a filk thread K, to the north pole of a ſmall terreftrial Globe different 
H, about ihree inches diameter, cauſe another perſon to hold the wire _— 
circle, ſo that it may be parallel to the table, and ag high as the flame des, * 
of the candle I. which ſhould be in or near the center, Then, having * the variety of 
twiſted the thread as towards the leſt hand, that by untwi it may bon. 
turn the Globe round eaſtward, or contrary. to the way that the hands 
of a watch move; hang che Globe by the thread within this circle, 
almoſt contiguous to it; and as the thread untwalts, - che Globe (which 
is enlightened- half round by the candle as the Earth is by. the Sun) 
will turn round it's Axis, and the different places upon it will be 
carried through the light and dark Hemiſpheres, and haye the appear- 
ance. of a regular ſucceſſion of days and nights, as our Earth has 
in reality by ſuch a motion. As the Globe turns, move your hand 
lo wly, to as to carry the Globe _— the candle according to the order 
of the letters ghcd, keeping it's center even with the wire circle; and 
you will perceive, that the candle being Kill perpendicular to the 
Equator, will enlighten the Globe from pole to pole in it's whole 
motion round the circle; and that every place on the Globe goes 
equally through the light and the dark, as. it turns round by the un- 
twiſting of the thread, and therefore has a perpetual Equinox. The 


Gabe ood repreſents the Eng turnipg round it's ATP 
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and this motion ws the Globe round the candle repreſente the Farth's: 
annual motion round the Sun, and ſhews, 3 if the Earth's Orbit 
- had no inclination to it's Axis, all the days and nights of the year 
would be equally long, and there would be no different ſeaſons. But 
/ now, defire the perſon who holds the wire to hold it obliquely in the 
fition ABCD, raiſing the ſide S Juſt as much as he depreſſes the 
de W, that the flame may be ſtill in the plane of the circle ; and 
- twiſting the thread as before, that the Globe may turn round it's Axis 
the ſame way as you carry it round the candle; that is, from weſt to 
eaſt, let the Globe down into the lowermoſt part of the wire circle 
at W, and if the circle be properly inclined, the candle will ſhine 
Summer Sol- perpendicularly on the Tropic of Cancer, and the frigid Zone; lying 
lic. within the arctic or north polar Circle; will be all in the light, as in the 
Figure; and will keep in the light let the Globe turn round it's Axis 
evet ſo often. From the Equator to the north polar Circle all the 
places have longer days and ſhorter nights; but from the Equator to 
the ſouth polar Circle juſt the N The Sun does not ſet to an 
part of the north frigid Zone, as ſhewn by the eandle's ſhining on it, pA | 
that the motion of the Globe can Gy no place of that Zone into the 
dark: and 2: the fame time the ſouth frigid” Zone is eee in dark- 
| ness, and the turning of the Globe brings none of it's places into the 
„„ 1 "Hg. If the Earth were to continue in the like os of it's Orbit, the 
x 95 Sun would never ſet to the inhabitants of the north frigid Zone, nor 
J 5 tiſe to thoſe of the ſouth. At the Equator” it would be always equal 
1 5 A adh night; and as places are gradually more and more diſtant 
from the Equator, towards the arctic Circle, they would have longer 
days and ſhorter nights; whilſt thoſe on the ſouth ſide of the Equator 
would have their nights longer than their days. In this caſe there 
would be continual ſummer on the north de of the Equator, and 
„ contindal winter on the ſouth fide of it. . 
5 But as the Globe turns round it's Jews unde peut hand lowly ora 
3 3; ; ward, ſo as to carry the Globe from E towards E, and the boundary of 
A tight and darkneſs. will approach towards the north: Pole, and recede 
towards the fouth Pole; the northern places will go through leſs and 
leſs of the light, and the ſouthern „eee through more and more of 
it; ſhewing how the northern days deereaſe in length, and the ſouthern 
 Auturanal | days increaſe, whilſt the Globe 1 from H to E. When the 
Equino- Globe is at E, it is at a mean ſtate between the loweſt and higheſt 
parts of it's Orbit; the candle is directly over the Equator, the boun- 
dary of light and darkneſs juſt reaches to both the Poles,” and all places 
on the Globe go * ö the and dark Hemiſpheres, 
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ſhewing that the « and nights are then equal at all e of the PLATE TV. 
Earth, the Potes only excepted ; for the Sun is then ting to the 
north Pele, and riſing to che ſouth Pole. 
Continue moving the Globe forward, and as it goes through the 
quarter A, the north Pole recedes till farther into the dark Hemiſphere, 
and the ſouth Pole advances more into the light, as. the Globe comes 
| nearer to S: and when it comes there at F, the candle is directly 
over the Tropic of Capricorn, the days are at the ſhorteft, and nights 
at the longeſt, in the northern Hemiſphere, all the way from the 
Equator to the arctic Circle; and the reverſe in the ſouthern Hemii- winter Sol- 
| ſphere from the Equator fo the antarctic Circle; within which Circles Are. 
it is dark to the north frigid Zone, and light to the ſouth. 
Continue both motions, and as the Globe moves through the quarter 
B, the north Pole advances towards the light, and the ſouth Pole 
ecedes towards the dark; the days lengthen in the northern Hemi- 
ſphere, and ſhorten in the ſouthern ; and when the Globe comes to 
G, the candle will be again over the Equator ( (as when the Globe was 
at E) and the days and nights will again be equal as formerly: and | 
the north Pole will bo juſt coming into 5 the light, the forth Pole going \ Verna bra. 
dut of it. 


Thus we ſee the ade with the Un lengthen and Morten from 
the Equator to the polar Circles every year; why there is no day or 
night for ſeveral turnings of the Earth, within the polar Circles; w 

there is but one day and one night in the whole year at the Poles; 

why the days and nights are equally long alt the year round at the 

Equator, which 1 is always equally cut by the circle bounding * and 
. © darkneſs. © 


A 


201. The i inclination of an Axis or Orbit i is ae FRA beczufs Remark, 
we compare it with fome other Axis or Orbit which we confider * 
as not inclined at all. Thus, our Horizon being level to us what- 
ever place of the Earth we are upon, we conſider it as having no in- 
clination ; and yet, if we travel go degrees from that place, we ſhall Fig, m. 
then have an Horizon perpendicular to the former; but it will ſtill be . 
level to us. And, if this Book be held ſo that the ® Circle ABCD be 
parallel to the Horizon, both the Circle abed, and the Thread or Axis 


* All Circles appear Ellipſes in an oblique view, as is evident b looking obliquely at 
the on of a baſon. For the true figure of a Circle can only be foen when the eye is 
directly over it's center, The more obliq” 1 it is viewed, the more elliptical it appears, 
W ti eye be in the ſame plane Oo it, an 1 it appears like a ſtraight line. 
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PLATE v. K, will be inclined to it. But if the Book or Plate be held, fo that the 

Thread be pe rpendicular to. the Horizon, then the Orbit ABCD will 
be inclined to the Thread, and the Orbit abcd perpendicular to it, and 
parallel to the Horizon. We generally conſider the Earth's annual 
Orbit as having no inclination, and the Orbits of all the other Planets 
CE inclined to it, Leo. | | 


* 


202. EE: us now "TI aview 5 the Earth i in it” 8 annual neo round 


the Sun, conſidering it's Orbit as having no inclination; and it's Axis 


as inclining 23+ degrees from a line perpendicular to the plane of it's 
Orbit, _ keeping the ſame oblique direction in all parts of it's 
annual courſe; or, as. commonly rennen, Seng alpen e to 
itſelf, § 355 

Let à, b, c, d, ef g.h be the Earth i in eight different parts of it's Orbit, 
equidiſtant from one another ; Ns it's Axis, N the north Pole, s the 


ſouth Pole, and 8 the Sun nearly in the center of the Earth's Orbit, 


$18. As the Earth goes round the Sun according to the order of the 
letters abcd, &c. it's Axis Ns keeps the ſame. obliquity, and is ſtill 
parallel to the line MM. When the Earth is at a, it's north Pole 


e inclines towards the Sun 8, and brings all the northern places more into 
the light than at any other time of the year. But when the Earth is 


at e in the oppoſite time of the year, the north Pole declines from the 
Sun, which occaſions the northern places to be more in the dark than 


in the li ght; and the reverſe at the ſouthern places, as is evident by 
the Fi igure, which. I have.taken from Dr. Lowe's Aſtronomy. - When 
the Earth is either at c or Zs it's, Axis inclines not either to or from 


the Sun, but lies ſidewiſe to him; and then the Poles are in the 
boundary of light and darkneſs; and the Sun, being directly over the 


Equator, makes equal day and night at all places. When the Earth 
is at 6, it is half way between the Summer Solſtice and Harveſt 


Equinox; when it is at d, it is half way from the Harveſt Equinox to 


the Winter Solſtice ;. at f, half way from the Winter Solftice to the 


Spring Equinox; and at h, half N from the ng . to the 


Summer Solſtice. 


203. From this oblique view of the Earth's Ocbit, Jet us ſuppoſe 
ourſelves to be raiſed far above it, and placed juſt over it's center &, 
looking down upon it from it's north. Pole; and as the Earth's Orbit 


differs but very little from a Circle, we ſhall have it's figure in ſuch a. 


» 


view repreſented by the Circle ABCDEPFGH. Let us ſuppoſe this 
Circle to be divided into 12 equal parts, called Signs, having their 


names affixed to them ; and, each Sign into 3o equal parts, called 
© 8 * 
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Degrees, numbered 10, 20, 30, as in the outermoſt Circle of the PLATE v. 
Figure, which repreſents the great Ecliptic in the Heavens. The The ſeaſons 


83 


Earth is ſhewn in eight different poſitions in this Circle, and in each eum in 


another view 


| poſition A is the Equator, 7 the Tropic of Cancer, the dotted Circle of the Earth, 
the parallel of London, U the arctic or north polar Circle, and P the andit'sOrbic. 


north Pole, where all the Meridians or Hour-Circles meet, & 198. As 
the Earth goes round the Sun, the north Pole keeps conſtantly towards 


one part of the Heavens, as it keeps in the Figure towards the right 


hand-ſide of the Plate. | | - 
When the Earth is at the beginning of Libra, namely on the 2oth 
of March, in this Figure (as at g in Fig. I.) the Sun & as ſeen from 


the Earth appears at the beginning of Aries in the oppoſite part of Vernal Equi- 
the Heavens *, the north Pole is juſt coming into the light, and the nox. 


Sun is vertical to the Equator ; which, together with the Tropic of 
Cancer, parallel of London, and arctic Circle, are all equally cut by 
the Circle bounding light and darkneſs, coinciding with the fix o'clock 
hour Circle, and therefore the days and nights are equally long at all 
places: for every part of the Meridian La comes into the light at 
fix in the morning, and revolving with the Earth according to the order 
of the hour-letters, goes into the dark at fix in the evening. There 
are 24 Meridians or Hour-Circles drawn on the Earth in this Figure, to 
ſhew the time of Sun-rifing and ſetting at different Seaſons of the Year. 
As the Earth moves in the Ecliptic according to the order of the 
letters ABCD, &c. through the Signs Libra, Scorpio, and Sagittarius, 
the north Pole comes more and more into the light; the days increaſe 
as the nights decreaſe in length, at all places north of the Equator ZZ; 
which is plain by viewing the Earth at & on the 5th of May, when it 
is in the 15th degree of Scorpio , and the Sun as ſeen from the 


Earth appears in the 15th degree of Taurus. For then, the Tropic pig. 11. 


of Cancer T is in the light from a little after five in the morning 
till almoſt ſeven in the evening ; the parallel of London from half an 
hour paſt four till half an hour paſt ſeven; the polar Circle U from 
three till nine; and a large track round the north Pole P has day all 
the 24 hours, for many rotations of the Earth on it's Axis. 

When the Earth comes to c, at the beginning of Capricorn, and the 
Sun as ſeen from the Earth appears at the beginning. of Cancer, on 
the 21ſt of June, as in this Figure, it is in the poſition à in Fig. I; 

* Here we muſt fuppoſe the Sun to be no bigger than an ordinary point (as - ) be- 


cauſe he only covers a Circle half a degree in diameter in the Heavens; whereas in the 


Figure he hides a whole ſign at once from the Earth. 


+ Here we muſt ſuppoſe the Earth to be a much ſmaller point than that in the pre- 
ceding note marked for the Sun. s e 
kee 8 M 2 * 
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and it's north Pole inclines towards the Sun, ſo as to bring all the north 
frigid Zone into the light, and the northern parallels of Latitude more 
into the light than the: dark from the Equator to the polar Circle ; 
and the more fo as they are farther from the Equator. The Tropic 
of Cancer is in the light from five in the morning till ſeven at night, 
the parallel of London from a quarter before four till a quarter after 
eight; and the polar Circle juſt touches the dark, fo that the Sun 
Summer Sol- has only the lower half of his Diſc hid from the inhabitants on that 
28 Circle for a few minutes about midnight, ſuppoſing no inequalities in 

the- Horizon, and no Refractions. 55 . 
A bare view of the Figure is enough to ſhew, that as the Earth 
advances from Capricorn towards Aries, and the Sun appears to move 
from Cancer towards Libra, the north Pole recedes towards the dark, 
which cauſes the days to decreaſe, and the nights to increaſe in length, 
Autumnal till the Earth comes to the beginnning of Aries, and then they are 
Equinox. equal as before; for the boundary of light and darkneſs cut the 
Equator and all it's parallels equally, or in halves. The north pole 
then goes into the dark, and continues therein until the Earth goes 
half ay round it's Orbit; or, from the 23d of September till the 
20th of March. In the middle between theſe times, viz. on the 22d 
| of December; the north Pole is as far as it can be in the dark, which 
Winter Sol- ig 235: degrees, equal to the inclination of the Earth's: Axis from a 
9 endieular to it's Orbit: and then, the northern parallels are as 
much in; tlie dark as they were in the light on the 21 of June; 
the winter nights being as long as the ſummer days, and the winter 
days as ſhort as the ſummer nights. It is needleſs. to enlarge farther - 
on this ſubject, as we ſhall: have occaſion to mention the ſeaſons again 
in deſcribing the Orrery, & 439. Only. this muſt be noted, that all 
that has been ſaid of the northern Hemiſphere, the contrary muſt be 
underſtood of the ſouthern; for on different ſides of the Equator the 
ſeaſons are contrary, becauſe, when the northern Hemiſphere in- 

elines towards the Sun, the; fouthern declines. from him. 2 

The Pheno- 204. As Saturn goes round the Sun, his obliquely pofited ring, like 
— 4 our Earth's Axis, keeps parallel to itſelf, and is therefore turned edge- 
wiſe to the Sun twice in a Saturnian year, which is almoſt as long as 30 
of our years, §8 81. But the ring, though conſiderably broad, is too 
thin to be ſeen by us when it is turned round edgewiſe to the Sun, at 
which time it is alſo edgewiſe to the Earth; and therefore it diſap- 
pears once in every fifteen years to us. As the Sun ſhines half a year 

de together on the north Pole of our Earth, then diſappears to 15 and 
4 | F N ines 
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ſhines as long on the ſouth Pole; fo, during one half of Saturn's year, PLATE v. 
the Sun ſhines on the north ſide of his ring, then diſappears to it, and | 
ſhines as long on it's ſouth fide. When the Earth's Axis inclines 
neither to nor from the Sun, but ſidewiſe to him, he inſtantly ceaſes 

to ſhine on one Pole, and begins to enlighten the other; and when 
Saturn's Ring inclines neither to nor from the Sun, but ſidewiſe to 
| . he ceaſes to ſhine on the one ſide of it, and begins to ſhine upon 
the other.. 1 | 
Let & be the Sun, ABCDEFEGH Saturn's Orbit, and IXLMNO ig. III. 
the Earth's Orbit. Both Saturn and the Earth move according to the 
order of the letters, and when Saturn is at A his ring is turned edge- 
wiſe to the Sun FS, and he is then ſeen from the Earth as if he had loft 
his ring, let the Earth be in any part of it's Orþit whatever, except be- 
tween NM and Q; for whillt it deſcribes that ſpace, Saturn is apparently fo 
near the Sun as to be hid in his beams. As Saturn goes from A to 
C, his ring appears more and more open to the Earth: at C the. ring 
appears moſt open of all; and ſeems to grow narrower and narrower 
as Saturn goes from C to E; and when he comes to E, the ring is 
again turned edgewiſe both to the Sun and Earth: and as neither of it's 
ſides are illuminated, it is inviſible to us, becauſe it's edge is tod thin 
to be perceptible: and. Saturn appears again as if he had loſt his ring. 
But as he goes from E to G, his ring opens more and more to our 
view on the under ſide; and feems juſt as open. at G as it was at C3 
and may be ſeen in the night-time from the Earth in any part of it's 
Orbit, except abaut M, when the dun hides the Planet from our view. 
1 As Saturn goes frem & ta A, his ring turns more and more edgewiſe 
to us, and therefore it ſeems to grow narrewer and narrower; and at. 
Ait diſSppears as before. Hence, while Saturn goes from A to E, 
the Sun ſhines on the upper fide of his ring, and the under ſide is 
dark ; and whilſt he goes from E to 4, the Sun ſhines on the under 
fide of his ring, and the upper ſide is darxæ. 615 
It may perhaps be imagined that this Article might have been placed! 
more properly after & $1, than here: but when the candid reader con- 
ſiders that all the various Phenomena of Saturn's: Ring depend upon 
a cauſe ſimilar to that of our Earth's ſeaſons, he will readily allow 
that they are beſt explained together; and that the two Figures ſerve rig. I and Ill. 
to illuſtrate each other. E 
| 205, The Earth's Orbit being elliptical, and the Sun conſtantly The Earth 
keeping in it's lower Focus, which is 1,377,000 miles from the middle gain the 9 
point of the longer Axis, the Earth comes twice ſo much, or chan in ſum- 
2,7 54, ooo miles nearer the Sun at one time of the year than 5 an- mer. 
| OY, | other : 


_—_ 
8 h 8 


86 


Of the different Seaſons. 


PLATE VI. other: for the Sun appearing under a larger Angle in our winter 


than ſummer, proves that the Earth is nearer the Sun in winter, ( ſee 
the Note on Art. 185.) But here, this natural queſtion will ariſe, 


Why have we not the hotteſt weather when the Earth is neareſt the 


Why the wea- 
ther is coldeſt 
when the 
Earth is near- 


eſt the Sun. 


Sun? In anſwer it muſt be obſerved, that the excentricity of the 
Earth's Orbit, or 1 millien 377 miles bears no greater proportion 
to the Earth's mean diſtance from the Sun than 17 does to 1000; 
and therefore, this ſmall difference of diſtance cannot occaſion any 
great difference of heat or cold. But the principal cauſe of tliis dif- 
ference is, that in winter the Sun's rays fall ſo obliquely upon us, 
that any given number of them is ſpread over a much greater por- 
tion of the Earth's ſurface where we live; and therefore each point 
muſt then have fewer rays than in ſummer. Moreover, there 
comes a greater degree of cold in the long winter nights, than there 
can return of heat in ſo ſhort days; and on both theſe accounts the 
cold muſt increaſe. But in ſummer the Sun's rays fall more perpen- 
dicularly upon us, and therefore come with greater force, and in greater 


numbers on the ſame place; and by their long continuance, a much 
greater degree of heat is imparted by day than can fly off by night. 


Fig. II. 


206. That a greater number of rays fall on the ſame place, when 


they come perpendicularly, than when they come obliquely on it, 


will appear by the Figure. For, let AB be a certain number of the 
Sun's rays falling on CD (which, let us ſuppoſe to be London) on 


the aad of June: but, on the 22d of December, the line CD, or 


Londen; has the oblique poſition Cd to the ſame rays; and therefore 
ſearce a third part of them falls upon it, or only thoſe between A and 
e; all the reſt eg; being expended on the ſpace P, which is more 


than double the length of CD or Cd. Beſides, thoſe parts which are 


once heated, retain the heat for ſome time; which, with the addi- 
tional heat daily imparted, makes it continue to increaſe, though the 
Sun declines towards the ſouth: and this is the reaſon why July is 


| hotter than June, although the Sun has withdrawn from the ſummer 
Tropic; as we find it is generally hotter at three in the afternoon, 


when the Sun has gone towards the weſt, than at noon when he is 


on the Meridian.” Likewiſe, thoſe places which are well cooled re- 


quire time to be heated again; for the Sun's rays do not heat even 
the ſurface of any body till they have been ſome time upon it. 
And therefore we find January for the moſt part colder than Decem- 


ber, although the Sun has withdrawn from the winter Tropic, and 


begins to dart his beams more perpendicularly upon us, when we 


have the poſition CF. An iron bar is not heated immediately upon. 


being 
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CHAP. XI. 


756 M ah af Flap the Longitude 25 the Eclipſe 'f 
Jupiters Satellites. The amazing V. 4 1 4 
demonſtrated by theſe Eclipſes. | 


207. NEographers arbitrarily chooſe to call the Meridian of Ane Firſt Meridi- 
| remarkable place the firſt + Meridian. There they begin ar, and Lon- 


gitude of 


their reckoning z and juſt ſo many degrees and minutes as any other Places, what. 


place is to the eaſtward or 'weſtward of that Meridian, ſo much eaſt or 
weſt Longitude they ſay it has. A degree is the 360th part of a 
Circle, be it great or ſmall; and a minute the Goth part of a degree. 
The Engliſb Geographers reckon: the Longitude froin the Meridian of 
the Royal Obſervatory at nnn and the TIF from the e . 
dian of Paris. RR 3156 i esllgg 1991 903 doe 2 | 
208. If we imagine twelve great Erbes one of — is — PLATE v. 
Meridian of any given place, to interſect each other in the two Poles of Fig. II. 
the Earth, and to cut the Equator & at every i gth degree, they will 
be divided by the Poles into 24 Semicircles which divide the Equator ' 
into 24 equal parts; and as the Earth turns on it's Axis, the planes of 
theſe Semicireles come ſucceſſively after one another every hour to the Hour Circles, 
- Sun. As in an hour of time there is a revolution of 15 degrees of the 
Equator, in a minute of time there will be a revolution of 1 5 minutes 
of the Equator, and in a ſecond of time a revolution of 1 5 ſeconds. An hour of 
There are two tables annexed to this Chapter, for reducing mean ſolar ye _ 
time into degrees and minutes of the terreſtrial Equator ; and alſo for e. 
converting degrees and parts of the Equator into mean ſolar time. 
209. Becauſe the Sun enlightens only one half of the Earth at once, 
as it turns round it's Axis, he riſes to ſome places at the ſame moments 
of abſolute Time that he: ſets to others; and when it is mid- day to 
ſome places, it is mid- night to others. The XII on the middle of the 
Earth's enlightened ſide, next the Sun, ſtands for mid-day; and the 
oppoſite XII on the middle of the dark fide, for mid-night. If we 
ſuppoſe this Circle of hours to be fixed in the plane of the Equinoctial, 
and the Earth to turn round within it, any particular Meridian will 
come to the different hours ſo, as to ſhew the true time of the N. or 
en at all places on that Meridian. Therefore, | | 


210. To 


— ee 


2 * 9 
4 l 1 P f 


* 


210. To every» plare 15 degrees gaſtward fr 


it is noon an hour fooner than on that Meridian; EE their, Meri 

dian comes to the Sun an hour ſooner: and to all places 15 degrees 
weſtward, it is noon an hour later, § 208, becauſe their Meridian comes 

an hour later to the Sum; and ſo on: every 15 degrees of motion 

<auling an hour's difference in time. Therefore they who have noon 

And conſe- . an hay later than we, have their Meridian, that is, their Longitude, 
3 of , 1 5 degrees weſtward from us; and they who have noon an hour foon- 
Longitude, er than we, have their Meridian 15 degrees eaſtward from ours: and 
| fo for every hour's difference of time 15 degrees difference of Longi- 


: GE 15 tade, Conſbquently, if the beginning or ending of a Lunar Eclipſe be 


Ending che Obſerved, fuppoſt at Lauer, to be exactly at mid-night, and in ſome 
Longitude. other place at 14 at night, that place is 15 degrees weſtward from the 
Meridian of Zondon: of the fame Eclipfe be obſeryed at one in the 
morning at another place, that place is 15 degrees caftward: from the 

ſaicdd Meridian. 1 moo S127 301i s PAs « Hein o 1 108 l 
211. But as it is not cafy to determine the esact moment either of 


apts of the beginning or ending of 2 Lunar Belipſe, becanfe the Earth's 
upiter's Sa- 


alte much ſhadow through which the Moon paſſes is faint and ill defined about 


better for that the edges ; we haue recourſe to the Eelipſes of [Jupiter's Satellites, 


Faroe. which diſappear ſo inſtantaneouſly as they enter into Jupiter's ſhadow, 


and emerge ſuddenhy out of it, that we may fix the phenomenon 
to half a ſecond of time. The firſt or nrareſt Satellite to Jupiter is the 
moſt advantageous for this purpoſe, becauſe it's: motion: is quicker than 
the motion of any of the reſt, and therefore it's immerſions and emer- 


212. The Engh/b Aſtronomers have calculated Tables for ſhewing 

_ the times of the Eclipſes of Jupiter's Satellites to great preciſion, for 
the Meridian of Greenwich. Now, let an obſerver, who has theſe 

15 Tables with a good Teleſcope and a well- regulated Clock at any other 
How to ſolve place of the Earth, obferve the beginning or ending of an Eclipſe of 


3 — lem. One of Jupiter's Satellites, and note the preciſe moment of time that he 


__ * ſaw the Satellite either immerge into, or emerge out of the ſhadow, 
and compare that time with the time ſhewn by the Tables for Green- 
dich; then, 15 difference of Longitude being allowed for every 

hour's difference of time, will give the: Longitude of that place from 
Greenwich, as above, 5 210; and if there be any odd minutes of time, 
for every minute a quarter of a degree, eaſt or weft, muſt be allowed, 
as the time of obſervation is later or earlier than the time ſhewn by the 

Tables. Such Eclipſes are. very convenient for this- purpoſe 9 
. | ; b 
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The Method of finding the Longitude. 8g 
becauſe they 2 170 almoſt every day; but are of fc uſe at Ray becauſe PL At V. 


the rolling of the ſhip hinders all nice teleſeopical obſervations, ' 

243. To explain this by a Figure, let be Jupiter, K, L, I, IN rig. II. 

his four Satellites in their reſpective Orbits 1, 2, 3, £3 and let the 

Earth be at / (ſuppoſe in November, although that month is no other- 

ways material than to find the Earth readily in this ſcheme, where it Illuſtrated by 

is ſhewn in eight different parts of it's Orbit.) Let Q be a place on n enample. 

the Meridian of Greenwich, and Ra place on ſome other Meridian eaſt- 

ward from Grrembich. Let a perſon at R obſerve the inſtantaneous 
vaniſhing of the firſt Satellite K into Jupiter's ſhadow, ſuppoſe at three oe 

oelock in the morning; but by the Tables he finds the immefſion of 

that Satellite to be at mid-night at Greemuieh: he can then immediate 

| determine, that as there are three Hours difference of time between 

and R, and xhat R is three hours forwarder in — Fen? it 

muſt be 45 degtees of eaſt Longitude from the Meridian Were 

this method as practicable at ſea as at land, any ſuilor per ey as 

eaſily, and with equal certainty, find the Longitude as the Latitade. 

214. Whilſt the Earth is going from U to F in it's Orbit, only the Fig. Il. 

immerſions of Jupiter's. Satellites into His ſhadow are generally isen; we fetdom 

and their emerſions out of it while the Earth -$66s from G te B. Ix- fe the . 

deed, both theſe —— ay be ſeen of the ſecend, third, and _ __ 


fourth Satellite when eclipſ, Haft the Earth is between D and E E, Ecli — 


or between G and A; by —. of the firſt Satellite, on account of the Moons, 5 
fmallneſs of it's Orbit and the bulk ef Jup iter; — only When Ju- | 

piter is directly © to the Sun; «uy in Earth is at gc 

and even then, — ſpeaking, we canto eg either the immertfions 

or emerſions of any his Satellites, becauſe his body being directly be- 

tween us and 2 conical ſhadow, his Satellites are hid 1 few 

moments before they touch- his ſhadow ; and are quite emerged wow 

thence before we can ſve them, as it were, juſt dropping from: 

And when the Earth is at 6, the Sun, being between it and Nee, 

| both hit and his Moens from us. b occt H. 

In this Diagram, the Orbits of Jupiter's Moons are eee 
proportion to his diameter; but, in proportion to the Earth pg, ho 
are drawn 87 times: too large. > Co 

215. In whatever month of the year Jupiter i is in oonjunctio with Jupiter's con- 


the Sun, or in oppoſition. to him, in the next year it will be a month Junction ES 
later at leaſt. For whilſt the Earth goes once — the Sun, Jupiter oroppotiions 
deſcribes a twelfth part of his Orbit. And therefore, when the Earth to hm, are 
has finiſhed it's annual period frem being in a line with the-Sun and —— 
N much forwarder as * . in chat of the Hea- 
time, . 3 
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PLATE v1. time, to overtake him again: juſt like the minute- hand of a watch: 
which muſt, from any conjunction with the hour-hand, go once 


round the dial-plate and ſomewhat above a twelfth part more, to oyer- 
take fo hour-hand again. 


We Mation of Light Ae 


216. It is 4 by Wen that when the Earth i is between the 
Sun and Jupiter, as at g, his Satellites are eclipſed about 8 minutes 
ſooner than they ſhould be according to the Tables: and when the 
Earth is at B or C, theſe Eclipſes happen about 8 minutes later than 
the Tables predict them. Hence it is undeniably certain, that the 


motion of Light is not inſtantaneous, ſince it takes about 167 minutes 


of time to go through a ſpace equal to the diameter of the Earth's 


8 ſurpriſ- 


Fig racy 


Orbit, which is | 162 millions of miles in length: and conſequently 


the particles of Light fly about 164 thouſand 494 miles every ſecond of 


time; which is above a million of 'times ſwifter than the motion of a 
cannon-bullet. And as Light is 162 minutes in travelling acroſs the 
Earth's Orbit, it muſt be 8+ minutes in coming from the Sun to us: 
therefore, if the Sun were annihilated, we ſhould ſee him for 8. mi- 
nutes aſter; and if he were Win created, he would be 84 minutes old 


before we could ſee him. 


latte by Sun S. It is plain, that if the motion of Light were inſtantaneous, the 
Satellite 1 would appear to enter into Jupiter's. ſhadow F at the ſame 


a Figure. 


217. To illuſtrate this progrefiive motion a Light, let 4 and B be 
the Earth in two different parts of it's Orbit, whoſe diſtance from each 


other is 81 millions of miles, equal to the Earth's diſtance from the 


moment of time to a ſpectator in A as to another in B. But by many 


years obſervations it has been found, that the immerſion of the Satellite 
into the ſhadow is ſeen 8= minutes Gone when the Earth is at B, than 


when it is at A. And ſo, as Mr. RomEeR firſt diſcovered, the motion 
of Light is thereby proved to be progreſſive, and not inſtantaneous, 


as was formerly believed. It is eaſy to compute in what time the 


Earth moves from A to B; for the Chord of 60 degrees of any Circle 


is equal to the Semi- diameter of that Circle ; and as the Earth goes 


5 — all the 360 degrees of it's. Orbit in a year, it goes through 
60 of thoſe degrees in about 61 days. Therefore, if on any given 


4ay, ſuppoſe ce firſt of June, the Earth is at 4, on the firſt of 
Agi it will be at B: the chord, or ſtraight line AB, being equal to 
Do the Radius of the L Orbit, the ſame: with. AS. its diſtance 


from the Sun. 


die, As che Earth moves. frum- D to C. through the ide 48 of 
59 ire Orbit, it is con 
ul I. which 


ntly Mn: the light of Jupiter's Satellites ſooner, 


% - 


The Motion of Light demonſtrated. 


which occaſions an apparent acceleration of \heir Eclipſes: and as 
it moves through the other half H of it's Orbit, from C to D, it is 
receding from their light, which occaſions an apparret retardation 
of their Eclipſes, becauſe their light is then longer before it overtakes 
the Earth. 

219. That theſe accelerations of the immerſions of Jupiter's Satel- 
lites into his ſhadow, as the Earth approaches towards Jupiter, and 
the retardations of their emerſions out of his ſhadow, as the Earth 
is going from him, are not occaſioned by any inequality ariſing from 
the motions of the Satellites in excentric Orbits, is plain, becauſe it 
affets them all alike, in whatever parts of their Orbits they are —_— 
Beſides, they go often, round their Orbits every) year, and their motions 
are no way commenſurate: to the Earth's. | T here ore, a Phenomenon 
not to be accounted for from the real motions of the Satellites, but ſo 
_ ealily deducible from the Earth's motion, and fo anſwerable thereto, 

muſt be allowed to, reſult from it. (Tis fer s one fr good proof 
of the Earn annual motion. rH ge 
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7; convert”. Marion 1555 Tims, and the reverſe. 


220. TABL BS for ding mean ſolar Laer into a and 
Parts of the terreſtrial EQuAaToR ; and alſo for converting. 
Degrees and Parts of the Equ4aToR inte mean ſolar Time: 


TABLE 1. Tor converting Time into 
Degrees : and Parts of the Equator. 


then" II. For converting Degrees and | 


Parts of the SOUL into Time. 
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/ Solar and Sydereal Time.  - 6s 


Theſe are the Tables mentioned in the 208th Article, and are ſo eaſy, 
that they ſcarce require any farther explanation than to inform the 
reader, that if, in Table I. he reckons the colun ins marked with: 
Aſteriſks to be minutes of time, the other columns give the equa- 
toreal parts or motion in degrees and minutes; if he reckons the 

Aſteriſk columns to be ſeconds, the others give the motion in minutes 
and ſeconds of the Equator ;. if thirds, in ſeconds and thirds : And if 
in Table II. he reckons the Aſteriſk columns to be degrees of motion, 
the others give the time anſwering thereto in hours and minutes ; if 
minutes of motion, the time is minutes and ſeconds ;. if feconds of 
motion, the correſponding time is given in ſeconds and thirds. An 


example in each caſe will make the whole very plain. 


: Examere I. | ExaneLs II. 

In 10.hours 15 minutes 24 ſe- In what time will 153 degrees 
eonds 20 thirds, . How much | g1 minutes 5 ſeconds: of the E- 
of the Equator revolves through | quator fevolve through the Meri- 


the Meridian? dian ? | 
255 Deg. M. 8. 1 
Hours 10 „ * 16 & © 
Min. 15 3.45 _ 3 12 & © 
Sec. 24 6 0 Min. 5 | 3 24 © 
Thirds 20 p Ses. 5 | =: 


ar. i z een Te 28 24 20 
C HAP. XII. 
Of Solar and Sydereal Time. 


22 r. "= E fixed Stars appear to go round the Earth in 23 hours sydereal days 
1 $56 minutes 4 ſeconds, and the Sun in 24 hours: ſo thatforter than 
the Stars gait three minutes 56 ſeconds upon the Sun every day, which and why. 
amounts to one diurnal revolution in a year; and therefore, in 365 | 
days as meaſured by the returns of the Sun to the Meridian, there are 
3066 days as meaſured by the Stars returning to it: the former are called 
Solar Days, and the latter Sydereal. 
The diameter of the Earth's Orbit is but a phyſical point in propor- 
tion to the diſtance of the Stars; for which reaſon, and the Earth's uni- 
form motion on it's Axis, any given Meridian will revolve from — 
4 


94 


Of Solar and Sydereal Time. 


PLATE III. Star to the ſame Star again in every abſolute turn of the Earth on it's 


Fig. H. 


Axis, without the leaſt perceptible difference of time ſhewn by a 
clock which goes exactly true. . 5 

If the Earth had only a diurnal motion, without an annual, any 
given Meridian would revolve from the Sun to the Sun again in the 
ſame quantity of time as from any Star to the ſame Star again; becauſe 
the Sun would never change his place with reſpect to the Stars. But, 
as the Earth advances almoſt a degree eaſtward in it's Orbit in the 
time that it turns eaſtward round it's Axis, whatever Star paſſes over 
the Meridian on any day with the Sun, will paſs ever the ſame Meri- 
dian on the next day when the Sun is almoſt a degree ſhort of it; that 
is, 3 minutes 56 ſeconds ſooner. If the year contained only 360 days, 
as the Ecliptic does 360 degrees, the Sun's apparent place, ſo far as 
his motion is equable, would change a degree every day; and then the 


ſydereal days would be juſt four minutes ſhorter than the ſola. 


Let ABCDEFGHIKLM be the Earth's Orbit, in which it goes 
round the Sun every year, according to the order of the letters, that 
is, from weſt to eaſt; and turns round it's Axis the ſame way from the 
Sun to the Sun again every 24 hours. Let & be the Sun, and R a 
fixed Star at ſuch an immenſe diſtance, that the diameter of the 
Earth's Orbit bears no ſenſible proportion to that diſtance. Let Nm be 
any particular Meridian of the Earth, and I a given point or place 


upon that Meridian. When the Earth is at A, the Sun & hides the. 


Star R, which would always be hid if the Earth never removed from 


A; and conſequently, as the Earth turns round it's Axis, the point N 


would always come round to the Sun and Star at the ſame time. But 
when the Earth has advanced, ſuppoſe a twelfth part of it's Orbit from 

A to B, it's motion round it's Axis will bring the point N a twelfth 

part of a natural day, or two hours, ſooner to the Star than to the Sun; for 
the Angle N Br is equal to the Angle ASB; and therefore any Star, which 
comes to the Meridian at noon with the Sun when the Earth is at A, 
will come to the Meridian at 10 in the forenoon when the Earth is at 


B. When the Earth comes to C, the point N will have the Star on 


it's Meridian at 8 in the morning, or four hours ſooner than it comes 
round to the Sun; for it muſt revolve from N to u, before it has the Sun 
in it's Meridian. When the Earth comes to D, the point N will have 

the Star on it's Meridian at 6 in the morning, but that point muſt. 
revolve fix hours more from N to , before it has mid-day by the Sun: 


for now the Angle ASD is a right Angle, and fo is ND#; that is, the 


Earth has advanced go degrees in it's Orbit, and muſt turn go degrees 
on its Axis to carry the point N from the Sar to the Sun: for the 
152 | : | Star 
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Star always comes | 5 | 
8 the: og A TABLE, ſhewing how much of the Celeſtial| 
when Nmis paral- | Equator paſſes over the Meridian in any part of}: 
jel to RSA; be- a mean SOLAR DA; and how much the Fixep| 
eauſe DS is but a | STARS gain upon the mean So AR Time every 
point in reſpe& of | Day, for a Month. | | 

RS. When the 38 
Earth is at E, the 
Star comes to the | 
Meridian at 4 in 
the morning; at 
, at 2 in the 
morning; and at 
G, the Earth ha- : 

ing gone b. 
round it's Orbit, | 2| 
N points to the 
Star R at mid- 
night, it being 
then directly op- 
poſite to the Sun; 
and therefore, by | 9]! - 
the Earth's diur- 32 _*#_3*j* 
nal motion, the 11165 27 61 2 45 27 1 16 411 : 


IL 


Motion. Motion. Motion. 
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PLATE IH. 222. Thus it HS. that an abſolute turn of the Earth on it's Axis 


An . (which is always completed when any particular Meridian comes to be 
turn ot the 


Fan on ies Parallel to it's ſituation at any time of the day before) never brings the 


Axis never fame Meridian ronnd from the Sun to the 'Sun again; but that the 


finiſhes a Earth requires as much more than one turn on it's Axis to finiſh a 
dalar day. atural day, as it has gone forward in that time; which, at a mean 
ate, is a 365th part of a Circle. Hence, in 365 days the Earth turns 
366 times round it's Axis; and therefore, as a turn of the Earth on 
it's Axis completes. a fydereal day, there muſt be one fydereal.day more 
in a year than the number of ſolar days, be the number what it will, 
on the Earth, or any other Planet. One turn being loſt with reſpect 
to the number of falar days'in a year, hy the Planet's going round 
the Sun; juſt as it would be loſt te-4 traveller, who, in going round 
the Earth, would loſe one day by following the apparent diurnal mo- 
tion of the 8un; and cor ly would reckon one day leſs at his 
return (let him take what time he would to go round the Earth) than 
thoſe who remained all the while at the place. from which he ſet out. 
$0, if there were two Earths revolving equably on their Axes, and 
Fig. II. if one remained at A until the other rns the Sun from A 
. to A again, chat Earth which kept it's place at A would have it's ſolar 
and ſydereal n of the ſame length; and ſo would have one 
ſolar day more than the other at it's return. Hence, if the Earth 
turned but once round it's Axis in a year, and if hat turn was made 
che ſame way as the Earth goes round the Sun, there would be con- 
tinual day on one ſide of the Farth, and continual night on the other. 
223. The firſt part of the preceding Table ſhews how much of the 
celeſtial Equator | paſſes over the Meridian in any given part of a mean 
ſolar day, and is to be underſtood the ſame way as the Table in the 


To know by 220th article. The latter part, intitled, Accelerations of the fixed Stars, 
e Stars 


os. affords us an eaſy method of knowing whether or no aur clocks and 


Clock goes watches | Hagar : For if, through a ſmall hole in a wiadow-ſhutter, 

true or not. Or in a thin plate of metal fixed to a window, we obſerve. at what 

time any Star diſappears behind a chimney, or corner of a houſe, at a 

little diſtance; and if the ſame Star diſappears the next night 3 minutes 

56 ſeconds fooner by the clock or watch; and on the ſecond night, 7 

minutes 53 ſeconds ſooner; the third night 11 minutes 49 ſeconds 

ſooner ; and ſo on, every night, as in the Table, which ſhews this dif- 

ference for 30 natural days, it is an infallible Sign that ths machine 

goes true; otherwiſe it does not go true; and muſt be regulated ac- 
cordingly: and as the diſappearing of a Star is inſtantaneous, e may 

depend on this information to half a ſecond. 3 ; 


2 ; "CHAP, 
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CHAP. XIIL 
$6 the E 1 of ; Om | 


224. HE Earth's motion on it's hail being perfectly uniform, and 
| equal at all times of the year, the ſydereal days are always 
| 2 of an equal length; and ſo would the ſolar or natural days be, 
if the Earth's Orbit were a perfect Circle, and it's Axis perpendicular 
to it's Orbit. But the Earth's diurnal. motion on an inclined Axis, and The Sun and 


it's annual motion in an elliptic Orbit, cauſe the Sun's apparent motion Clocks equa? 


only cn for: 
in the Heavens to be unequal : for ſometimes he revolves: from the > of th- 


Meridian to the Meridian again in ſomewhat leſs than 24 hours, ſhewn year. 
by a well-regulated clock ; and at other times in ſomewhat more: ſo 

that the time ſhewn by an equal going clock and a true Sun-dial is 
never the ſame but on the 1 5th of April, the 16th of June, the 3 iſt 

of Auguſt, and the 24th of December. The clock, if it goes equally 

and true all the year round, will be before the Sun from the 24th of 

December till the 1 5th of April; from that time till the 16th of June 

the Sun will be before the clock; from the 16th of June till the 3 1ſt 
of Auguft the clock will be again before the Sun; and from: thence to 

the 24th of December. the Sun will be faſter than the clock, -/; - 

225. The Tables of the Equation of natural days, at the end of this Uſe of the 

Chapter, ſhew the time that ought to be pointed out by a well-regu- 1 | 
lated clock or watch, every day of the year, at the preciſe moment of 
ſolar noon; that is, when the Sun's center is on the Meridian, or 
hen a true Sun- dial ſhews it to be preciſely Twelve. Thus, on the 
5th of January in Leap-year, when the Sun is on the Meridian, it 
ought to be 5 minutes 51 ſeconds paſt twelve by the clock; and on the 
15th of May, when the Sun is on the Meridian, the time by the clock 
ſhould be but 55 minutes 57 ſeconds paſt eleven: in the former caſe, 
the clock is 5 minutes 51 ſeconds beforehand with the Sun; and in 
the latter caſe, the Sun is 4 minutes 3 ſeconds faſter than the clock. 
The column at the right hand of each month ſhews the daily dif- 
ference of this equation, as it increaſes or decreaſes. But without a 
Meridian Line, or a Tranſit-Inſtrument fixed in the plane of the Mor 
ridian, we cannot ſet a Sun-dial true. | | 


226. The eaſieſt and moſt expeditious way of drawing a Medis How to draw 
Lane is this : Make four or five concentric Circies, about a quarter of 7 1 
: O = 
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an inch from one another, on a flat board about a foot in breadth ; 
and let the outmoſt Circle be but little leſs than the board will con- 
tain. Fix a pin perpendicularly in the center, and of ſuch a length 
that it's whole ſhadow may fall within the innermoſt Circle for at leaſt 


four hours in the middle of the day. The pin ought to be about an 


eighth part of an inch thick, and to have a round blunt point. The 
board being ſet exactly level in a place where the Sun ſhines, ſuppoſe 
from eight in the morning till four in the afternoon, about which hours 
the end of the ſhadow ſhould fall without all the Circles; watch the 
times in the forenoon, when the extremity of the ſhortening ſhadow 
juſt touches the,ſeveral Circles, and there make marks. Then, in the 


afternoon of the ſame day, watch the lengthening ſhadow, and where 


it's end touches the ſeveral Circles in going over them, make marks 


vou may perhaps catch it in touching another. The beſt time for draw- 


alſo. Laſtly, with a pair of compaſſes, find exactiy the. middle point 


between the two marks on any Circle, and draw a ſtraight line from the 


center to that point; which Line will be covered at noon by the ſhadow 
'of a ſmall upright wire, which ſhould be put in the place of the pin. 


The reaſon for drawing. ſeveral Circles is, that in caſe one part of the 


day ſhould prove clear, and the other part ſomewhat cloudy, if you 
miſs the time when the » oint of the thadow ſhould: touch one Circle, 


ing a Meridian Line in chis manner is about the ſummer ſolſtice; be- 


cauſe the Sun changes his declination ſloweſt and his Altitude faſteſt in 


the longeſt days. 


on the board, you may know to a few ſeconds when it touches the 


Equation of 
natural days 
explained. 


— 


If the caſement of a window on which the Sun ſhines at noon be | 
quite upright, you may draw a line along the edge of it's ſhadow'on | 


the floor, when the ſhadow of the pin is exactly on the Meridian Line 


of the board: and as the motion of the ſhadow of the caſement will be 


much more ſenifible, on the floor, than that of the ſhadow of the pin 


Meridian Line on the floor; and ſo regulate your clock for the day of 
obſervation by that line and the Equation Tables above-mentioned, 
225. As the Equation of time, or difference between the time 
ſhewn by a well- regulated Clock and a true Sun- dial, depends upon 
two cauſes, namely, the obliquity of the Ecliptic, and the unequal 


> 


motion of the Earth in it, we ſhall firſt explain the effects of theſe 


Ot 
* 5 


cauſes ſeparately conſidered, and then the united effects reſulting from 
their-combination, ONE 1000 ON AY 


228. The 
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228. The Earth's motion on it's Axis being perfectly equable, or PLATE VI. 
always at the ſame rate, and the * plane of the Equator being per- 
pendicular to it's Axis, it is evident that in equal times equal por- 
tions of the Equator paſs over the Meridian; and ſo would equal 

ortions of the Ecliptic, if it were parallel to or coincident with the 

quator. But, as the Ecliptic is oblique to the Equator, the equable The firſt part 
motion of the Earth carries unequal portions of the Ecliptic over the 133 
Meridian in equal times, the difference being proportionate to the ; 
obliquity; and as ſome parts of the Ecliptic are much more oblique 
than others, thoſe differences are unequal among themſelves. There- 
fore, if two Suns ſhould ſtart either from the beginning of Aries or 
Libra, and continue to move through equal arcs in equal times, one 
in the Equator, and the other in the Ecliptic, the equatoreal Sun 
would always return to the Meridian in 24 hours time, as meaſured 
by a well-regulated clock; but. the Sun in the Ecliptic would re- 
turn to the Meridian ſometimes ſooner, and ſometimes later than the 
caquatoreal Sun; and only at the ſame moments with him on four 
days of the year; namely, the 2oth of March, when the Sun enters 
Aries; the 21ſt of June, when he enters Cancer; the 23d of 
September, when he enters Libra; and the 2 1ſt of December, when 
he enters Capricorn. But, as there is only one Sun, and his apparent 
motion is always in the Ecliptic, let us henceforth call him the 
real Sun, and the other, which is ſuppoſed, to move in the Equator, 


the fictitious; to which Jaſt, the motion of a well-regulated clock 
r Tg 
| Let ZP2z A be the Earth, ZFRs it's Axis, abcde &c, the Equator, Fig. III. 
"ABCDE &c. the northern half of the Ecliptic from 4 to & on 
the fide of the Globe next the eye; and MNOP &c. the ſouthern 
half on the oppoſite fide from & to p, Let the points at A, B, 
C, D, E, F, &c. quite round from ꝙ to p again bound equal por- 
tions of the Ecliptic, gone through in equal times by the real Sun; 
and thoſe at a, 6, c, d, e, f, &c. equal portions of the Equator 
deſcribed in equal times by the ficlitious Sun; and let Z pg be the 
Meridian. | 3 1 
As the real Sun moves obliquely in the Ecliptic, and the fictitious 
Sun directly in the Equator, with reſpect to the Meridian; a degree, 
or any number of degrees, between p and F on the Ecliptic, muſt 
| be nearer the Meridian Z P, than a degree, or any correſponding 
| 


— 


* If the Earth were cut along the Equator, quite through the center, the flat ſurface 
of this ſection would be the plane of the Equator; as the paper contained within any 
Circle may be juſtly termed the plane of that Circle. N 
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number of degrees on the Equator from ep to /; and the more ſo, 
as they are the more oblique : and therefore the true Sun comes 
| ſooner to the Meridian every day whilſt he is in the quadrant ꝙp F, 
than the fictitious Sun does in the quadrant p /; for which reaſon, 
the ſolar noon precedes noon by the Clock, until the real Sun comes 
to F, and the fictitious to 7; which two points, being equidiſtant 
from the Meridian, both Suns will come to it preciſely at noon by the 
Clock. | P 5 | 
' Whilſt the real Sun deſcribes the ſecond quadrant of the Ecliptic 
- FGHIKL from S to A, he comes later to the Meridian every 
day, than the fictitious Sun moving through the ſecond quadrant of 
the Equator from F to ; for the points at E, H, I, K, and L. 
being Arther from the Meridian than. their correſponding points at 
g. b, 1, E, and i, they muſt be later of coming to it: and as both 
Suns come at the ſame moment to the point , they come to tlie 
Meridian at the moment of noon by the Clock. 217d As 
In departing from Libra, through the third quadrants; the real Sun: 
going through MNOP29 towards W. at R, and the fictitious Sun» 
through: znopg towards 1, the former comes to the Meridian every 
day ſooner than the latter, until the real Sun comes to W, and the: 
fictitious to r, and then they both come to the Meridian at the ſame: 
ee | | 1 e 
Laſtly, as the real Sun moves equably through S 7 U, from 
towards ꝙp; and' the fictitibus Sun through gruss; from r to- 
Wards p, the former comes later every day to the Meridian than the 
latter, until they both arrive at the point ep, and then they make: 


noon at the ſame time with the clock, _ 


229. The annexed Table ſhews how much the Sun is faffer or flower: 
than the clock ought to be, ſo far as the difference depends upon the 
obliquity of the Ecliptic ; of which the Signs of the firſt and third qua- 

drants are at the head of the Table, and their Degrees. at the left hand ;; 

A Table of and in theſe the Sun is faſter than the Clock: the Signs of the ſecond: 
a ma and fourth quadrants are at the foot of the Table, and their degrees at 
pending on the right hand; in all which the Sun is flower than the Clock: ſo 
the Sun's "that entering the Table with the given Sign of the Sun's. place at the 
Eepde-. head of the Table, and the Degree of his place in that Sign at the 
left hand; or with the given Sign at the foot of the Table, and Degree 
at the right hand; in the Angle of meeting is the number of minutes 
and ſeconds that the Sun is faſter or ſlower than the clock. : or in other 
words, the quantity of time in which the. real Sun, when in that 
$426 2 2 5 2 part. 


SgBaͤꝛuns either meet there, or are even with 
one another, and ſo come to the Meridian at the ſame moment. | 
231. Let us ſuppoſe that there are two little balls moving: equably A machine 

round a celeſtial Globe by clock-work, one always keeping in the = ee, 

Ecliptic, and gilt with gold, to reprefent the real Sun; and the other theequal: Eb T 

keeping in the Equator, and ſilvered, to repreſent the fictitious Sun: the ober 

and that whilſt theſe balls move once round the Globe according to 

the order of Signs, the Clock turns the Globe 366 times round it's 

Axis weſtward. The Stars will make 366 diurnal revolutions from 

the braſen Meridian to- it again; and the two balls repretenting the real 
5 DD ; and 
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* Tafter than the Chet w | part of che Ecliptic, comes ſooner or PLATE VI. 
ECO EO later to the meridian than the fictitious - 
fS|= |m |] zaun in the Equator. Thus, when the 
F Sun's place is © Taurus 12 degrees, 
1 — — — — 1 he is 9 minutes 49 ſeconds faſter than 
40 of8 24/8 46] 3o | the clock; and when his place is G 
+... 110 2018 33 367 29 | ; K P X 
' 2|o 408 4518 25| 23 | Cancer 18 degrees, he is 6 minutes 2 
i ſeconds ſlower. | 
Mo Es dt RP ot 230. This part of the Equation of Fig. III. 
5 1 59/9 18]7 35] 24 | time may perhaps be ſomewhat difficult 
EE 25 1 4 6 3: | to underſtand by a Figure, becauſe both 
9 2 569 3616 51] 21 | halves of the Ecliptic ſeem to be on the 
ant | ary | - 3 ſame ſide of the Globe; but it may be 
a —_ 2 ” _ 2 who has 
134 1109 gifs 45] 17 a rea O eiore him, by putting. 
3 3 - | ſmall patches on every tenth or fifteenth lit 
16 58 11 | degree both of the Equator and Eclips 1 
5 419 5514 50 14 e 9 8 | 
| 3 . 019 $514 317 73 tic, beginning at Aries P; and then, | 
4 54 5 f | 1x turning the ball ſlowly round weſtward, | it 
20 [ 1009 5003 32] 10 | he will ſee all the patches from Aries to | oy 
[09 : 269 47] 12 'F Cancer come to the brazen Meridian 5 | 
22 4119 43]2 51 ſooner than th ſpondi h ik 
| 23 [ 5519 338]2 30 7 3 an the —_ 3 patches ö 
Are e - 9 on the Equator; all thoſe from Cancer | | 
T3 : 3809 1211 770 > | to Libra will come later to the Meridian 1 
* 2717 49/9 135 3 | than their correſpanding patches on the 1 1 
| — > . 3 lo 43} 7 | Equator; thoſe from Libra to Capricorn 1 . 
f 30 [8 24/8 46% of o | ſooner, and thoſe from Capricorn to . 
N 5 N Aries later: and the patches at the be- 11 
Lache] e „ bes.] ginnings of Aries, Cancer, Libra, and i 
z 3 Capricorn, being either on, or even with | 
Sun flower than the Clock in | thoſeon the Equator, ſhew that the two £5 [ q 
F 
{ 
if 
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and fictitious Sun always going farther eaſtward from any given Star, 
will come later than it to the Meridian every following day; and each 


ball will make 365 revolutions to the Meridian; coming equally to 


it at the beginnings of Aries, Cancer, Libra, and Capricorn: but in 
every other point of the Ecliptic, the gilt ball will come either ſooner 
or later to the Meridian than the filvered ball, like the patches above- 
mentioned. This would be a pretty-enough way of ſhewing the rea- 
ſon why any given Star, which, on a certain day of the year, comes 


to the Meridian with the Sun, paſles over it ſo much ſooner every fol- 


lowing day, as on that day twelvemonth to come to the Meridian with 


the Sun again; and alſo to ſhew the reaſon why the real Sun comes 
to the Meridian ſometimes ſooner, ſometimes later, than it is noon by 
the clock; and, on four days of the year, at the ſame time; whilſt 
the fictitious Sun always comes to the Meridian when it is twelve at 
noon by the clock. This would be no difficult taſk for an artiſt to per- 


form; for the gold ball might be carried round the Ecliptic by a wire 


from it's north Pole, and the filyer ball round the Equator by a wire 


from it's ſouth Pole, by means of a few wheels to each; which might 
be eaſily added to my improvement of the celeſtial Globe, deſcribed 

in Ne 483 of the Philoſophical Tranſactions; and of which I ſhall give 
a deſcription in the latter part of this Book, from the third Figure 


af the third plate. 


Fig. III. 


232. It is plain that if the Ecliptic were more obliquely poſited to 
the Equator, as the dotted Circle Px;%, the equal diviſions from ep 
to x would come ſtill ſooner to the Meridian Zo than thoſe marked 
A., B, C, D, and E do: for two diviſions containing 30 degrees, from 


P to the ſecond dot, a little ſhort of the figure x, .come ſooner to 


the Meridian than ene diviſion containing only 15 degrees from -P to 


A does, as the Ecliptic now ſtands ; and thoſe of the ſecond quadrant 


from x to would be ſo much later. The third quadrant would be 
as the firſt, and the fourth as the ſecond. And it is likewiſe plain, 
that where the Ecliptic is moſt oblique, namely about Aries and Libra, 
the difference would be greateſt; and leaſt about Cancer and Capri- 


corn, where the obliquity is leaſt, | 


The ſecond 
part of the 
Equation of 
Time. 


234. Having explained one cauſe of the difference of time ſhewn by 
a well-regulated Clock and a true Sun-dial; and conſidered the Sun, 
not the Earth, as moving in the Ecliptic ; we now proceed to explain 
the other cauſe of this difference, namely, the inequality of the Sun's - 
apparent motion, & 205, which is ſloweſt in ſummer, when the Sun is 
fartheſt from the Earth, and ſwifteſt in winter when he 1s neareſt to 


it 


* 
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it. But the Earth's motion on it's Axis is equable all the year round, PLATE Vi. 


and is performed from weſt to eaſt ; which is the way that the Sun 


appears to change his place in the Ecliptic. 


235. If the Sun's motion were equable in the Ecliptic, the whole 
difference between the equal time as ſhewn by a Clock, and the unequal 
time as ſhewn by the Sun, would ariſe from the obliquity of the 
Ecliptic. But the Sun's motion ſometimes exceeds a degree in 24. 
hours, though generally it is leſs : and when his motion is ſloweſt, any 
particular Meridian will revolve ſooner to him than when his motion 
is quickeſt ; for it will overtake him in leſs time when he advances a 
leſs ſpace than when he moves through a larger. 


236. Now, if there were two Suns moving in the plane of the 


Ecliptic, fo as to go round it in a year ; the one deſcribing an equal arc 
every 24 hours, and the other deſcribing ſometimes a leſs arc in 24 hours, 
and at other times a larger; gaining at one time of the year what it 


| loft at the oppoſite ; it is evident that either of theſe Suns would come 


fooner or later to the Meridian than the other, as it happened to be 


behind or before the other: and when they were both in conjunction, 
they would come to the Meridian at the ſame moment. | 


237. As the real Sun moves unequably in the Ecliptic, let us ſup- 
poſe a fictitious Sun to move equably in a circle coincident with the 


plane of the Ecliptic. Let ABCD be the Ecliptic or Orbit in which . 


the real Sun moves, and the dotted Circle abcd the imaginary Orbit of 


the fictitious Sun; each going round in a year according to the order 
of letters, or from weſt to caſt. Let HKL be the Earth turning 
round it's Axis the ſame way every 24 hours; and ſuppoſe both Suns 


to, ſtart from A and a, in a right line with the plane of the Meridian 


EE, at the ſame moment: the real Sun at A, being then at his great- 
eſt diſtance from the Earth, at which time his motion is ſloweſt; and 
_ the fictitious Sun at a, whoſe motion is always equable, becauſe his diſ- 
| tance from the Earth is ſuppoſed to be always the ſame. In the time 
that the Meridian revolves from H to H again, according to the order 


of the letters HIKL, the'real Sun has moved from A to F; and the 


fictitious with a quicker motion from @ to F, through a larger arc: 


therefore, the Meridian EH will revolve ſooner from H to h̊ under the 
real Sun at F, than from H to & under the fictitious Sun at 7; and con- 
ſequently it will then be noon by the Sun-dial ſooner than by the Clock. 

As the real Sun moves from A towards C, the ſwiftneſs of his 
motion ' increaſes all the way to C, where it is at the quickeſt. But 
notwithſtanding this, the fictitious Sun gains ſo much upon the real, 


ſoon after his departing from A, that the increaſing velocity of the real, 


4 | Sun 
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PLATE vi. Sun does not bring him up with the equally moving fictitious Sun till 
| the former comes to C, and the latter to c, when each has gone half 
round it's reſpective Orbit; and then being in conjunction, the Meridian 
EH revolving to EK comes to both Suns at the ſame time, and there- 
fore it is noon by them both at the fame moment. 
But the increaſed velocity of the real Sun, now being at the quickeſt, 
carries him before the fictitious one; and therefore, the ſame Meridian 
will come to the fictitious Sun ſooner than to the real: for whilſt tho 
fictitious Sun moves from c to g, the real Sun moves through a greater 
arc from C to G: conſequently the point K has it's noon by the Clock 
when it comes to &, but not it's noon by the Sun till it comes to J. 
And although the velocity of the real Sun diminiſhes all the way from 
C to A, and the fictitious Sun by an equable motion is ſtill coming 
nearer to the real Sun, yet they are not in conjunction till the one 
comes to A and the other to a; and then it is noon by them both at 
the ſame moment. F „ | 
Thus it appears, that the ſolar noon is always later than noon by the 
clock whilſt the Sun goes from C to A, ſooner whilſt he goes from A 
to C, and at*theſe two points the Sun and Clock being equal, it is 
noon by them both at the ſame moment. 5 5 
Apogee, Pe- 238. The point A is called he Sun's Apogee, becauſe when he is 
„ N there he is at his greateſt diſtance. from the Earth; the point C his 
what, Perigee, becauſe when in it he is at his leaſt diſtance from the Earth: 
Fig. IV. anda right line, as AEC, drawn through the Earth's center, from one 
of theſe points to the other, is called the line of the Apfides. 
239. The diſtance that the Sun has gone in any time from his 
| Apogee (not the diftance he has to go to it, though ever ſo little) is 
Mean Ano- called his mean Anomaly, and is reckond in Signs and Degrees, allowing 
maly, what. 30 Degrees to a Sign. Thus, when the Sun has gane ſuppoſe 174 
degrees from his Apogee at A, he is ſaid to be 5 Signs 24 Degrees 
from it, which is his mean Anomaly: and when he is gone ſuppoſe 
355 degrees from his Apogee, he is ſaid to be 11 Signs 25 Degrees 
from it, although he be but 5 Degrees ſhort of A in coming round 
to it again. . 1 0 
240. From what was faid above it appears, that when the Sun's 
Anomaly is leſs than 6 Signs, that is, when he is any where between 
A and C, in the half ABC of his Orbit, the ſolar noon precedes the . 
clock noon ; but when his Anomaly is more than 6 Signs, that is, when 
he is any where between C and A, in the half CDA of his Orbit, the 
clock noon precedes the ſolar. When his Anomaly is o Signs o De- 


grees, 
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grees, that is when' he is in his Apogee at A; or 6 Signs o Degrees, 
which is when hs is in his Perigee 1 05 he comes to the Meridian 


ſe the uation de- 95% 5 +3, 
_ (ox Sran Sun's. TH 20 2 46 22 
place, be 6 minutes fa 5742 
41: ſeconds too flew, | 
and the Equation de- 
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at the moment that the fictitious Sun 2 and chen it is noom by -- — ns 
them both at, the ſame inſtant. rt. 1 
241. The annexed Table ſhews the Variatin, e time — 
depending mthe Sun's: Anomaly, and atiſing from his: unequal motion i 
in the Ecliptic; as the former Table, g 229, ſhews the Variation N IH 
depending on the Sun's place, and reſulting: from the obliquity of the | 
_ Ecliptic : this is to be underſtood the ſame way as the other, namely, b 
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the hand; but DO | 4 | 
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| faſt, ahi the other :4 minutes 20/ſeconds ton! flowige their difference 
had = minutes 21 ſeconds too faſt; nN the ame 

is too | I itt 
242. The dbliquity of the Ecliptic to the- Equator, which is the 
firſt mentioned cauſe of the Equatiom of Time would make the Sun 
and Clocks agree on four days::of ther yea; which ata when the 
Sun enters Aries, Cancer, Eibra, — 2 but tlie other: cauſe, | 
now explained, would make the: dun and Clocks equal only twice 
In a year; that is, when the Sun is in his Apogee and Perigee. 
Conſequently, wr — theſe wo 2 74 fall in the beginnings of Cancer 


11 | | | a Capri ricorn, "or df Artes contur in making the 
| | lacks: e A PO 


at preſant is in 
the gth degree 40 Canckr, and the Herigee in the gti degrte of Capri- 
=_ corn; and therefore the Sun and Heng 2 be equal about the 


| beginning of theſe Signs, not at any time of the year, except when 
4 1 the ſwiftneſd or ſlowneſs: of Equation reſulting | from _ 3 
[| ; . 4 1 ae Hvif 24 the — 41 25 


Tube foot 
| * on the Sun's 
Tie e which method we 
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y ſerve bf every day im Leag- tar, and ſecond, 
third years es For on meſt of -the ſame days of all theſes 
e Equ ation differs, becauſe of the odd b heures more than | 
| Iehoge ao of þ bich he rcon 8. TN, 
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-o nongup dt} och s 


88 en : 511 no ginhÞ.cx- 
Examples for [ 4 I FR 15 ; + wil this IT is in therk ce depres. | 
— Ta ef Q Aries: and his Anomaly is 9 Signs 15 Degrees; che Equation: | 
þ 1155 * e former is 2 mite * 31 ſeconds of time too faſt; 


229; and frorh the latter, > minutes 27 ſe onds' too! flow, $'241:3 
difference is | 4 ſeeonds that the Sun is too owl at, che noon of: 
that day; taking it in groſs for the de 0 of -the Sun's: Place and 
Anomaly, without making proportionab Allo wance for the odd mi- 


nutes. 
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nutes. Menge: at noon the niſipeh, ofthe, one. Equation balancing 
ſo Kr; OS 8 the other, makes the Sun and Clocks equal 
on ſome part of that day. | "ER 


ExAMPLE II. On the 16th ef June, the Sun is in the 25th 
degree of I Gemini, and his Anomaly is 11 Signs 16 Degrees; the 
Equation ariſing. from the former is 1 minute 48 feconds too faſt ; 
and from the latter 1 minute 50 ſeconds too flow ; which balancing 
ane 7 at non to à ſeconds, the, Sun and Clocks are again equal 
on that day. FFF . 


EAN WI, On the 3 ft of 4ugyf, the Sun's place is 7 degrees 
52 minutes of I Virgo (which we ſhalt call the 8th degree, as it is 
{9 near) and his Anomaly is 2 Signs o Degrees the Equation. ariſing 
from the former is 6 minutes 41 feconds too ſlow; and from the datter 
6 minutes 39 ſeconds too faſt; the difference being only 2 ſeconds 


Sun and Clocks equal in the afternoan of that day. 


too flow at noon, and decreaſing towards an equality, will make the 


 ExamPLe IV. On the 23d of December, the Sun's place is 1 de- 
gree 41 minutes (call it 2 degrees) of Capricorn, and his Anomaly 
is 5 Signs 23 Degrees; the Equation for the former is 43 ſeconds 
too flow, and for the latter 59 ſeconds too faſt ; the difference is 
15 ſeconds too faſt at noon'; which decreafing will come to an 


equality, and ſo. make the Sun and Clocks equal in the evening of 


And thus we find; that on ſome part of each of the aboye-mentjoned 
four days, the Sun and Clocks are equal but if we work examples 
for all other days of the year, we ſhall find them different, And, 


397 


244. On thoſe days which are equidiſtant from any 1 quinox or Remark; 


Solſtice, we do.not find that the Equation is as much too faſt or too 
flow, on the one fide, as it is too flow or too fat on the other. 

The reaſon is, that the line of the Apſides, 5 238, does not, at pre- 
ſent, fall either into the Equinoctial or Salftitial points, F 242. . 
ö . 6 19 G4 BIA 
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245. The fout following Equation Tables, for Leap-year, and the The reaſon 


* 


firſt, ſecond, and third years after, would) ſerve for ever, if the Sun's Tah n 


Place and Anomaly were always the ſame on every given day of the but tempos 


year as on the ſame day four years before or after. But fince that is ry. 


F$-: N not 
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not the caſe, no general . Tables can be fo conſtrued as. 
to be perpetual. 


4 
— 


5 CHAP. XIV. 
cen E rhe Preceſſ Jon of the Ehud. 


12 117101 
4671 T bas been already obſerved, 91 765 that by the Farth's n motion 
on it's Axis, there is more matter accumulated alk around the 
equatoreal parts than any where elſe on the Earth. 
The Sun and Moon, by attracting this redundancy ef matter, bring 


the Equator ſooner under them in every return towards it, than if there 
vas no ſuch accumulation. Therefore, if the Sun ſets out, as: from 
any tar, or other fixed point im the Heavens, the moment when he 


is departing from the Equinoctial or from either Tropic, lie will come 


to the ſame Equinox or Tropio again 20 min. 174 fec. of time, or 


50 ſeconds of a degree, before he compleats his courſe ſo, as to arrive 
at the ſame fixed Star or Point from whence he ſet out. For, the 
Equincctial points recede 50 ſeconds of a degree weltyiard e. nar, 
contrary to the Sun's annual progreſſive motien. 

When the Sun arrives at- the ſame * Equinoctial or Solſtitial point; 


he finiſhes ;what we. call the. Tropical Han; which, by obſervation, 


is found to, cdntain 365 days, 5 hours: 48 minutes 57 ſeconds: and 
when he arrives at the ſame, fixed Star. again, as ſeen from the Earth, 


he compleats the Sydereal Year, which contains 365 days 6 hours 


9 minutes 145 ſeconds. The Sydereal Year is therefore 20 minutes 
171 ſeconds longer than the Solar or Tropical year, and ꝙ minutes 
r langer, ce the el, or Civil year, which, we ſtate at 
365 days 6 hours: vil year is almoſt ſean n the 


| See and. .Tropical. 45583]; 


247. As the Sun. deſcribes the. whole Ecliptic. ar 360 degrees; i in 
a. Tropical year, he moves 59, 8” of a. degree. every. day at a mean 


tate; and con; ently 50“ of, a degree in 20 minutes 174 ſeconds 
of time: "therefore, he will arrive at the ſame biene or Solſtice when 


he is 50” of a degree ſhort of the ſame Star or fixed point in the Hea- 
he ſet, out. in the year before, So that, with reſpect 


» The two: oppolite points/ in which the Eeliptic” crofles the EquinoQial, are called* 
Zig! points. and the two points. where, the Ecliptie — the Tropics 
ike wiſe oppoſite, and e from.the farmer). aue. called the So/ſitial. 


107 4 * * to 


2 


Of the Preceſſion of the Equinoxes. 


25 TABLE ewig the Preceſſion of the Equinoctial 
Points in the Heavens, both in Motion and Time; 
oxes on Earth. 


to the fixed Stars, PLATE VL 


the Sun and Equi- 
noctial points fall 


= > 


and the Anticipation of the Equin 
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Earth. 
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back (as it were) 
30 degrees in 2160 
years; which will 
make the Stars ap- 
pear to have gone 


30 deg. forward, 


with reſpect to the 
Signs of the Eclip- 
tic in that time: 


for the ſame Signs 


always keep in the 
ſame points of the 
Ecliptic, without 
regard to the Con- 
ſtellations. 


| To explain this Fig. IV. 


by a Figure, let 
the Sun be in Con- 
junction with a fix- 
ed Star at &, ſuppoſe 
in the zoth de- 
gree of &, on the 
21ſt day of May 
1756. Then, mak- 
ing 2160 revolu- 
tions through the 
Ecliptic N, at 
the end of fo ma- 

Sydereal years, 
he will be found 
again at S: but at 
the end of ſo ma- 
ny Julian years, he 
will be found at M. 
ſhort of 8: and at 
the end of ſo ma- 
ny Tropical years, 
he will be found 


ſhort of M. in the 
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. 38th deg. of Taurus at 7, which has receded back from S to Tin that 
dime, by the Preceſſion of the Equinoctial points P Aries and Sr Librl. 
The Arc SF will be equal to the amount of the Preceſſion of the Equinox 
in 2160 years, at the rate of 50“ of a degree, or 20 min. 174 ſec. of 
time, annually : this, in ſo many years, makes 30 days 10. hours; 
which is the difference between 2160 Sydereal and Tropical years: 

And the Arc MT will be equal to the ſpace moved through by the Su 
in 2160 times 11 min. 3 ſec. or 16 days 13 hours 48 minutes, a 

is the difference between 2160 Julian and Tropical years. 
248. From the ſhifting of the Equinotial points, and with them, all 
the Signs of the Ecliptic, it follows that thoſe Stars which in the in- 

| 17205 of Aſtronomy were in ries are now got into Taurus; thoſe of 
Taurus into Gemini, &c. likewiſe it is, that the Stars which roſe 
or ſet at any particular feafon of the year, in the times of Hxsion, 
Eupoxus, VirGir, Privy, &c. by no means anſwer at this time to 
their deſcriptions. The preceding Table ſhews the quantity of this ſhift- 
N ing both in the Heavens and on the Earth, for any number of years tp 
28,920; Which, compleats the grand celeſtial period: within which any 
number and it's quantity is eafily found; as in the following example, 
for 5763 years; which at the Autumnal Equinox, A. D. 1756, is 

Hough to be the age of the world. So that with regard to the ed 

Stars, t 4x. Do notes 


tial points in the 13 Preceſſion of the Equinoctial Points Anticipation of 
Heavens, haye e. {Julian ſo... er || the Equinoxes | 
bay pb 2002 20” {ycars. | Motion, {| Time. 80 the Harth. | 
have the creation; | „„ „ „p. H. M. s. D. H. M. 5. 
L m — — g — 4 — es * . 
SOL RS WI | s 6 qoſro 1 78 aſſes 3 go © 
I un IMOVesS in 700 © 9g, 43. 20 9 20 44 8 
81 7 d 52 And | ; "Ga o© ©, 50 of O 20 17. & 22 3... of 
finc that r — ba. 9 
in 5763 years, the | 576; 2.20, 2 zes 5 o 520% 5 21 9 
Equinoxes with us CC ———— 3 | 


have fallen back 44* 5" 21” g's hence, reckoning from the time of 


f 21 


motions, places and declinations of the fixed Stars) but to the differ- 


ence. between the Civil and: Solar year, which is 11 minutes 3 ſe- 
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conds; the Civil year containing 365 days 6 Hours, and the Solar PLATE VI. 


year 365 days 5 hours 48 minutes 57 ſeconds. The following Table 

ſhews the length, and conſequently the difference of any number of 

Sydereal, Civil, and Solar years from 1 to 10,000. 
ms 50. The above 11 Anutes ſeconds, by whit h the Civil or Julian The reaſon 

year exceeds the Solar, amounts to 11 days in 1433 years: and ſo much for altering 

dur ſeaſons have fallen back with reſpe& to the 7 of the months, 

fince the time of the Nicene Council in A. D. 325, and therefore in or- 

der to bring back all the Faſts and Feſtivals to the days then ſettled, it 

was requiſite to ſuppreſs 11 nominal days. And that the ſame ſeaſons 

tight be kept to the ſame times of the year for the future, to leave 

out the Biſſextile-day in February at the end of every century of years 

not diviſible by 4 ; reckoning them only common years, as the 17th, 

18th, and 19th centuries, vi. the years 1700, 1800, 1900, Cc. be- 

cauſe a day intercalated every fourth year was too: much, and retaining 

the Biſſextile-day at the end of thoſe Centuries of years Which are 

diviſible by 4, as the 16th, 2oth, and 24th Centuries ; viz. the years 

- 1600, 2000, 2400, Ge. Otherwiſe, in length of time, the' ſeaſons 
would be quite reverſed with regard to the months of the year; 
though it would have required near 23,783 years to have brought 


about ſich a total change. If the Earth had made exactly 365+ diur- 
10d e6biBtid on it's Axle, White revohitil from any Ec l os 
Sottgal poine to the fame again, the Civil and Solar years would al- 


ways have kept pace together; and the Style would never have needed 
any alteration. F | 1158 


. Erlen, already mentioned the cauſè of the Preceſſion of the The Precef 
Equinoctial points in the Heavens, & 246, which occafions a flow devia- fon _ 
tion of the Earth's axis from it's paralleliſm, and thereby a change of Point, 
the declinatiom of the Stars from the Equator, together with a flow 
apparent motion of the Stars forward with reſpe& © the Signs of the 
Ecliptic ; we ſhall now deſcribe the Phenomena by a Diagram. 

Let NZSFL be the Earth, SONA it's Axis produced to the ſtarry pig. vx 
Heavens, and terminating in A, the preſent north Pole of the Hea- 
vens, which is vertical to N the north Pole of the Earth. Let EO, 
be the Equator, TZ the Tropic of Cancer, and YTW the Tropic 
of Capricorn: YOZ the Ecliptic, and BO it's Axis, both which are 
immoveable among the Stars. But, as * the Equinoctial points re- 


* The EquinoCtial Circle interſects the Ecliptic in two oppoſite points, called Aries 
and Libra, from the Signs which always keep in theſe points: They are called the 
Equinoctial Points, becauſe when the Sun is in either of them, he is directly over the 
terreſtrial Equator 3; and then the days and nights are equal. | 
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.cede in the Ecliptic, the Earth's Axis SO N is in motion upon the 
Earth's center O, in ſuch a manner, as to deſcribe the double Cone 
NOn and SOs, round the Axis of the Ecliptic BO, in the time that 
the Equinoctial points move quite round the Ecliptic, which is 25, 920 


| years; and in that length of time, the north, Pole of the Earth's Axis 


produced, deſcribes the Circle AB CDA in the ſtarry Heavens, round 
the Pole of the Ecliptic, which keeps immoveable in the center of that 


Circle. The Earth's Axis being 234+ degrees inclined to the Axis of 


the Ecliptic, the Circle AB CDA. deſcribed by the north Pole of 
the Earth's Axis produced to A, is 47 degrees in diameter, or double 
the inclination of the Earth's Axis. In conſequence of this, the 
point A, which at preſent is the north Pole of the Heavens, and 
near to a Star of the ſecond magnitude in the tail of the conſtellation 


called the Litile Bear, muſt be deſerted by the Earth's Axis; which 


moving backwards a degree every 72 years, will be directed towards 
the Star.or Point B in 6480 years hence : and in double of that time, 
or 12,960 years, it will be directed towards the Star or Point C; 
which will then be the north Pole of the Heavens, although it is at 
preſent 8+ d s ſouth of the Zenith of London L. The preſent po- 
fition of the Equator E O 2, will then be changed into eOg, the Tro- 
pic of Cancer 1 Z into S, and the Tropic of Capricorn YTW 


into 2 W; as is evident by the Figure. And the Sun, in the ſame part of 


the Heavens where he is now over the earthly Tropic of Capricorn, and 
makes the ſhorteſt days and longeſt nights in the Northern Hemiſphere, 
will then be over the carthly Tropic of Cancer, and make the days longeſt, 
and nights ſhorteſt. So that it will require 12, 960 years yet more, or 
25,920 from the ꝓreſent time, to bring the north Pole N quite round, 
io as to be directed toward that point of the Heavens which is vertical 


do it at preſent. And then, and not till then, the ſame Stars which at, 
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A TABLE of the Equation of natural Days, ſhewing what Time it ought to 
be by the Clock when the Sun is on the Meridian. _ 
The ſecond after Leap- year. 
| July Dif, Auguſt Dif. | September Dif. October |Dif. | November | Dif] December [it. 
8 * — — — — — 11 — — 1 
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s 4 17 3 is £07 : 11 57 42 %% 47 07 11 51 59 1 | 
F 8112 4 26 9 . 8 „ 21 4 47 33 180 11 52 25 25 
| „ 190 1 9 TTT 11 52 52 py 
1012 4 44 : 1 4 83 1 1 in 53 „ 
l 4 52 I2 4 44 it 56 24 it 46 46} - 11 53 48 
tzhi2 5 0 b 1% 4 35] 3 $4 '56 . Ip lit 46 32] 1 it 54 is] 28 
11312 8 8 oF er Sgt 46 18 ny. 1. 84 4 ay 
142 5 15 6 %% 4 14], jÞ 55 22], 7 46 5 3 int 54 12 
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09 5 46 8 ii "184 eee 94: $6 11 58 11 3? 
21112 5 49 12 2 4 8 RE Ty, 11 44 4 it 58 41 
n 3 . = 1 3 bd », T $1” 44 37 : 30 30 
2312 5 54] , l 2+ 16 1 11 52 16] f11 44 29 11 59 41 32 
„„, , #1 10 % 51 5 4, jt 44. 22 7 12 0 11 3? 
2 + &  &8 Cͤ !X] 03-34 11 44 15 7 0 41139 
26072 5 = By! I 29 1 11 51 14 0 44 9 P 12 I 11 of 
222 5 5 $12 - 8.120 17 11 50 64 2% 44 4 2 | 12 1 41 30 
2812 5 57] 1% © 55| gf" 50. 34] % 4 59 5 12 2 nf Pf 
2902 5 56] 22 o 37] 1g J 50 15 190 43 551 1 2 4c] 72 
zoſi2z 5 54 X os oO 19 : 11 49: 56} ” | © 43+ 52 3 1 „3 9 
e e e | 1 * 1s 2 e Go, 
31 "Y 5 I 3 i- 0 : I 18 & 43 50 1 * 3 38 29 
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A TABLE of the Equation of a Days, thewi what Time it ought 10 
be by the Clock when the Sun is on We og 


[Soon Joic.| et February ic] March March Ja. April Toi] May Dif] June |Dif. 
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A TABLE of the Equation of natural Days, ſhewing what Time it ought to 
be by the Clock when the Sun is on the Meridian. 
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The Moon's This ruggedneſs of the Moon's ſurface is of. great uſe to us, b 
| furfacemoun- reflecting the Sun's light to all ſides: for if the Moon were ſmoo 
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De Mon's ſurface mountainous : Her Phaſes deſcribed : 


Her path, and the paths of Jupiter's Moons delineated : 
The proportions of the Diameters of their Orbits, and 
" thoſe of Saturn's Moons, to each other ; and to the Dia- 
meter of the Sun. VVV 


PLATE vn. 5B. looking at the Moon with an ordinary teleſcope, we per- 


ceive that her ſurface is diverſified with long tracts of prodi- 

gious high mountains and deep cavities. Some of her mountains, by 
comparing their height with her diameter (which is 2180 miles) are 
found to be three times higher than the higheſt hills on our Earth. 


80 | th 
2 and poliſhed like a looking-glaſs, or covered with water, ſhe could 
never diſtribute the Sun's light all round; only in ſome poſitions ſhe 
would ſhew us his image, no bigger than a point, but with ſuch a 


-  - luſtre as would be hurtful to our eyes. 


Why no hills 253. The Moon's ſurface being ſo uneven, many have wondered 
appear on her gyhy her edge appears not jagged, as well as the curve bounding the 
*S**. .. light and dark places. But if we conſider, that what we call the edge 
of the Moon's Diſc is not a ſingle line ſet round with mountains, in 
Which caſe it would appear irregularly indented, but a large Zone 
having many mountains lying behind one another from the obſerver's 
eye, we ſhall find that the n in ſome rows will be oppoſite to 
the vales in others; and ſo fill up the inequalities as to make her appear 
quite round: juſt as when one looks at an orange, although it's rough- 
. neſs be very diſcernible on the fide next the eye, eſpecially if the Sun 
or a Candle ſhines obliquely on that fide, yet the line terminating the 
_ © viſible part ſtill appears ſmooth and eren. 
The Moon 254. As the Sun can only enlighten that half of: the Earth which 


- —_— 


a is at any moment turned towards him, and being withdrawn from 
Ught. | | | 


the oppoſite half, leaves it in darkneſs, ſo he likewiſe doth to the 
Moon: only with this difference, that he Earth being ſurrounded by 
an Atmoſphere, and the Moon having none, we have twilight after the 
Sun ſets; but the Lunar inhabitants have an immediate tranſition from 
the brighteſt Sun-ſhine to the blackeſt darkneſs, § 177. For, let FA 
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Of the Moon's Phaſes. 


— 


be the Earth, and A. B, C, D, E, E, G. H the Moon in eight different parts 
F. her Orbit. As the Earth turns round its Axis, from, weſt to caſt, 


when an place comes to the twilight begins there, and when it pd 


revolves from thence to r the Sun & riſes; when the place comes to s the 
Sun ſets, and when it comes to av the twilight ends. But as the Moon 
turns round her Axis, which | is only once a month, the moment that 
any point of her ſurface comes tor. ſee the Moon at G) the Sun riſes 
there without, any-preyious warning by twilight; and when the ſame 
point comes to 5 the Sun ſets, and that point goes into darkneſs as black 


t 


| as at midnight. 


255. The Moon bein, an que ſpherical body (for her hills The Moon's 
. ay els than the inequalitic: on the ſur- Phaſes, 


| Bhs off no more from her roundn 


mo, 'of an orange takes i from it's Toundneſs) WE. can only ſee that 
part of the enlightened. Half of her which is towards the Earth. And 


therefore, when the Moon is at A, in conjunction with the Sun 8, 


dark half is towards the Earth, and ſhe diſappears, as at a, there being n 5.00 


li; cht on tl at half to render it vifible. When ſhe « comes to her f 


- 
1 
. it = — * 


t at B, or has gone an eighth part of her Orbit from hu 


are I. quarts r 'of | ger enli litened fic e is towards 1 the. Eart 
ea Peary horned, as at 5. WI en Ee has gone a quarter of her 
from between the Earth and Sun toC, ſhe ſhews us one half < of 


3 


* Orbil 


her 


and 


- 
Ef, 7» 
4 


her 


ER IE ſide, as at c, and we Jay, ſhe is a. e old. Ek D ſhe is 


| her { ecand Occant, ande b y ſhewing us more of h her. enlightened* 


fid 


t 3 gibbous, as at d. At Eher whole en EY 83 F TY 2 
e* La 


rth, and therefore the appears round, 45 5 py When we |: g 
El 


is full Moon. In her chird Ockant at BR part of. her. dark fide” 


bg l 


towards the Earth, ſhe a at appears gibbous, and is on the decregſe 


as at}. At G we ſee} 
app ears half decreaſed, or in her third Quarter, as 

only ſee. a quarter of. her enlightened ſide, | eing i in 1 her Turck 
Hark the appears horned, as. at 5. And at A. having compleated 


one half oF her e Ng fide, and' ſhe 
At. * we. 


tant, 


"her. 


courſe from the Sun to the Sun again, the diſappears; - and we fay, it 
is New Moon. Thus 'in going from A to E the Moon, ſeems con- 


tinually to increaſe; and in going from E to A, to decteaſe in 


the 


ſame proportion; having like Phaſes at e ual” diſtances from Hor E. 


but 8 ſeen from the Sun F, the is always "ull, | 


. 5. The Moon appears not petfectiy round when ſhe is Full in The Moon's 
igheſt or loweſt part of her Orbit, becauſe we have not a full Piſe not al- 
| bra of her enlightened fide at that time. When Full in the higheſt 


part of her Orbit, a ſmall deficiency appears on her lower edge; 
the de when Full in the loweſt Fart o, her Orbit. 


2 1 4 X £ 
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257. It 


and! full, 


£ 


ways quite 
round when 


* 4 


Water r 
„ OE 


ge the deu Phaſes. ” 


The Phaſe, is tain che Fi e, that when the Moor td the 
of the Earth Kati, Jew ab rhe pears 2 55 the Moon; and vice verſe. he V 


and Moon 


contrary, when the (Ea 18 11 ct New to the Earth, "the whole e tegel | 


fide of the Earth is towards the Moon: and when, the rr 1s at E, 
Full to the Earth, it's dark fide i 1s towards Her. Hence PW Mon 
anſwers to a Bull Earth, atid a Find Men to. "New. 20 
Dudrters are alſo reverſed to each oth 
An agreeable - 258. Between the. third barber of Change the Moon i 18 8 
Phenomenon. _ e in the forenoon, even n mines; and then the nent 
= cgpertanity of ſeeing a — ace appearance, wlierever we 
find a lobular ſtone above the levet of the eye, as fuppoſe on the top 
fa pate. For, if” > Sur n Hines t on the tone, 'and we place ourſelyes 
65 8 ie upper, part o the ſt ie, may jult ſeem to tonch the” point” of 
the Moon lowerimoſt horn, we ſhall then fee the enlightened part 
of the one exactly of the Bube ſhape with the Moon; Berne as ſhe 
3, and inchining the Ame way to che Horizon. The reaſon is plain; 
E Sun l tens the ſtone the fame way as he does the Moon; 


ad 50 being ;lobes, when we put ourſelves -itits the above fitua- | 
999 dhe Meh "and fone have the fame pofition - to our eyes; and 


Ercfore we rout Ke as mu ch of the illuminated part of the one as 
of the other. 
The Nenage- 459. The. p 1 85 of the Moon's Cuſps, ot a right line tonching 
ſimal Degree, the points of orns, is very different! in fined to the Horizon al 
Wks different ho ürs po Ie Cite age 0 of her age. Sometimes ſhe ſands, as 
"were, , upri She on 
panel wy 7 5 when this happens, the is i what the 


Ono- 


Nenagefindl Degree ;- Wich is the higheſt. paint of the 
| Tiph ic un ok the Horizon at that time, and is 90 degrees From both 
14550 of, the Horizon Where it is then cut by 5 i Ecliptic. But this 
never happe NS when the Movn is on the Metidi lan, except when the 


is at the yer beginning of Cancer or Capricorn. 


How the in- 260. The inclination of that part of the Ealiptic to the Horizon in 
clination of which the Moon is at any time when horned, may be known by the 


he Ecli 
—. Sy poſition. of her Horns ; ; ; for a a right lifte touching their points is perpen- 


by the poſi- dicular to the Ecliptic. And as "the © 1e War the Moon s Orbit 


tion of the 


Moon's makes with the Ecliptic can never raiſe an; above, nor depreſs her 
horns, below the Ecliptic, more than two minutes of a degree, as ſeen from 


the Sun; it can have no ſenſible effect upon the poſition of her horns. 


Therefore, if a Quadrant be held up, ſo as one of it's 1 2 may ſeem 


dd touch the Moon's horns, the graduated fide bein 


ept towards 


the eye, and as far from the eye as it can be conveniently held, the 
arc 


ier Tower Horn, and then much a line is pe he 


7 tie Moon's Palo. N 129 


en betw Jumbeline, and ghat Fer af - the Quadrant which PLATE vn. 
rae Er Moon's horns will w..the inclination of that 

_ the Ecliptie to the Horizon. Fs) the are between the other 

Lhe of the Quadrant and Plumb-line will thew the inclination of the 

oon's horns to the Hqrizon. 

261. The Moog generally appears as. harge as the eg for the Fi | 
An gle vid, under which the Moon is ſeen from the Eaxth, is the why the 
ſame with the A ngle LAM, under which the Sun is ſeen from it. pears as big 
_ thexefore * Moon may hide the Sun's whole Diſc from us, as as the Sun, 
the ſometimes does in ſolar Eęlipſes. The reaſon. why ſhe does 
et eclipſe the Sun at every Change ſhall. be explained afterwards, 

f the Moon were farther from the Earth, as at a, ſhe could never 

hide the whole of the Sun from us; for then ſhe would appear under 
the Angle NEO, eclipſing only that part of the Sun which lies between 
N and O: were the ſtill further from the Earth, as at X, ſhe would 
_ under the ſmall angle Tal, Ae a {pot gn the. Sun. hiding 

262, The Moon Jure 5ond her Axis in the time that the goes A proof of 
round ber Orbit; which is exident From: hence, that 3 ſpeRator at raps Moon's | 
xeſt, without the periphery of the Mogn's Orbit, would ſee all her her Axis, 
ſides turned regularly towards him in that me. She turns round her 
Axis from any Star to the {ame Star again in 27 days 8 hours; from 
the Bun to the Sun egain'in 29 days: the former is the length of her 
ſydertal day, and the latter the length of her ſalar day. A body 
moving round the Sun would have 8 ſolar day in every revolution, 
without turning on it's Axis ; the ſame.as if it had kept all the while 
at reſt, and the Sun moved round it: but without 1 round it's 
Axis it conld never have one ſydereal day, bęcauſe it would neg - 
keep the ſame ſide towards any given Star. 

267, eee, tre main, hs Vl would go Her peri 
round it ſo as to compleat a Lupation, a fyder 2 ſolar dap dieal Rerolu- 
all in the fame time. But, becauſe the. Earth goes forward in — NN 
it's Orbit while the Moon goes round the Earth in "I Orbit, the 
Moon muſt go as much more than found her Orbit from Change 
to _— in compleating a ſolar day, as the, Earth han gone forward 
in it's Orbit ducing e ict. almoſt. a e 
Circle. 

ads; The Moon's eee 4 Gocdicomphaien may be fami- runitiarly | 


larly. repreſented. by f the hour and minute hands of a repreſented, 
_ round it's, dial-plate, which is dhided into 12 equal parts or 


4 hours, 


Thewing the months. Let us ſuppoſe 


hour and mi- 


t the 


of a watch are 


An eaſy Way of repreſenting 
A Table hours, as the Ecliptic is divided into 12 Signs, and the year into 12 
1 1 „ n 


theſe a hours to be 13 fL... 
nute hands Signs, the hour-hand the 11 „„ #1 49 
Sun, and the minute-hand 2 II. 10 54 32 3 38 
the Modn; then will the | 3 III 16 21 49 5 275 
former go round once in a 4 IIII 21 49 5 27 164} 
year, and the latter once n | ] V 27 16 21 49 5 
a month; but the Moon, 2 VF-- 32 43 38 10 54 
or minute-hand, muſt go 3 VII 38 10 54 32 43% 
more than round from-any | 8 VIII 43 38 10 54 32 
point of the Circle Where 9 ; IX 49 } 52: 27 $58.7 * 21 Pr. 
it was laſt conjoined with 10 X 54 32 1 43 „385 40444 
the Sun, or hour-hand, to | IIi[ XII o © © + © 1 


overtake it: again: for the — 


. 


hour-hand being in motion, can never be overtaken by the minute- 
hand at that point from which they ſtarted at their laſt conjunction. 
The firſt column of the annexed Table ſhews the number of conjunc- 
tions which the hour and minute hand make whilſt the hour- hand 
goes once round the dial- plate; and the other columns ſhew the times 
when the two hands meet at every conjunction. Thus, ſuppoſe the 
two hands to be in conjunction at XII, as they always are; then, at 
the firſt following conjunction it is 5 minutes 27 ſeconds 16 thirds 
21 fourths 49 fifths paſt I where they meet; at the ſecond con- 
junction it is 10 minutes 54 ſeconds 32 thirds 43 fourths 38. fr fifths 
paſt II; and ſo on. This, though an eaſy illuſtration of the motions 
of the Sun and Moon, is not preciſe as to the times of their conjunc- 
tions; becauſe, while the Sun goes round the Ecliptic, the Moon 
makes 124 conjunctions with him; but the minute- hand of a watch 
or clock makes only 11. conjunctions with the hour- hand in one petiod 

round the dial-plate. But if, inſtead of the common wheei-work 
at the back of the dial-plate, the Axis of the minute-hand had a 
pinion of 6 leaves turning a wheel of 40, and this laſt turning the 
hour hand, in every revolution it makes round the dial. plate, the minute- 
hand would malte 12 comjunctions with it; and ſo would be a pretty 
device for ſhewing the motiens of the Sun and Moon; eſpecially, as 
the ſloweſt moving hand might have a little Sun fixed on it's point, 
and. the quickeſt a little Moon. Beſides, the plate, inſtead of hours 
and quarters, might have a Circle of months, with the 12 Signs and 
their Degrees; andbif à plate of 29 equal parts for the days of 'the 
Moon's age were fixed to che Axis of the Sun hand, and below it, ſo 

1 1 N os : : 


} as 


/ 


the Moien of the Sun and Moon. 129 


as the Sun always kept at the half day of that plate,” the Moon-hand pLATE VII. 
would ſhew the Moon's age upon that plate for every day pointed out 

by the Sun-hand in che Circle of months; and both Sun and Moon 

would ſhew their places in the Ecliptic : for the Sun would go round 

the Ecliptic in 365 Days; and the Moon in 27 days, which is her 
periodical revolution; but from the Sun to the Sun again, or from 

Change to Change, in 29+ days, which is her fynodical revolution. 


26 f. If the Earth had no annual motion, the Moon's motion round The Moon's 

the Earth, and her track in abſolute ſpace, would be always the — __ 
fame . But as the Earth and Moon move round the Sun, the Moon's deſcribed. 

real path in the Heavens is very different from her viſible path round | 

the Earth: the latter being in a progreſſive Circle, and the former in 

a curve of different degrees of concavity, which would always be the 

fame in 'the ſame parts of the Heavens, if the-Moon performed a 

compleat number of Lunations in a year without any thing over. 

266. Let a nail in the end of the axle of a chariot-wheel repreſent An idea of the 
the Earth, and a pin in the nave the Moon; if the body of the Earth's path 
chariot be propped up ſo as to keep that wheel from touching the icons. 
833 and the wheel be then turned round by hand, the pin will 

ſcribe a Circle both round the nail and in the ſpace it moves through. 

But if the props be taken away, the horſes put to, and the chatiot 
driven over a piece of ground which is cireularly convex; the nail in 
the axle will deſcribe a circular curve, and the pin in the nave will ftill 
deſcribe a circle round the progreſſive nail in the axle, but not in the 
ſpace through which it moves. In this caſe, the curve deſeribed by the 
nail will reſemble in miniature as much of the Earth's annual path round 
the Sun, as it deſcribes 'whilſt the Moon goes as often round the Earth 
as che pin does round the nail: and the curve deferibed by the nail will 
have ſome reſemblance of the Moon's path during ſo many Lunations. 

Let us now fuppoſe that the radius of the circular curve deſcribed 
by the nail in the axle is to the radius of the circle which the pin in 
the nave deſcribes round the axle as 237+ to 1; which is the pro- 
portion of the radius or ſemidiameter of the Earth's Orbit to that of the 
Moon's ; or of the circular curve 4 1234567 B &e. to the little Fig. II. 
circle a; and then, whilſt the progreflive nail deſcribes the ſaid curve 
from A to E, the pin will go once round the nail with regard to the 
center of it's path, and in deing ſo, will deſeribe the curve abede. The 

* In this diſcourſe, we may conſider. che. Orbits of all the Satellites as eircular, with 


reſpect to their primary Planets ; becauſe the excentricities of their Orbits are too ſmall 
tio affeQthe Phenomena ae e > OHDOT THIER $55.8 
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PLATE vn. former will be a true repreſentation of the Earth's path for one Luna- 


piece of ground, ſo as to turn the wheel ſeveral times round, the track 


tion, and the latter of the Moon's for that time. Here we may ſet aſide 
the inequalities of the Moon's Moon, and alſo the Eatth's moving 


round it's common center of gravity and the Moon's: all which, if 


they were truly copied in this experiment, would not ſenſibly alter the 


figure of the paths deſcribed by the nail and pin, even though they ſhould 


rub againſt a plain upright ſurface all the way, and leave their tracks 
viſible upon it. And if the chariot was driven forward on ſuch a convex 


of the pin in the nave would ſtill be concave toward the center of the 


Circular curve deſcribed by the pin in the axle; as the Moon's path is 


always concave to the Sun in the center of the Earth's annual Orbit. 
In this Diagram, the thickeſt curve line ABCD, with the numeral figures 
ſet to it, repreſents as much of the Earth's annual Orbit as it deſcribes 
in 32 days from weſt to eaſt ; the little circles at , 6, c, d, e ſhew the 
Moon's Orbit in due proportion to the Earth's ; and the ſmalleſt curve 
abcdef repreſents the line of the Moon's path in the Heavens for 32 


days, accounted from any particular New Moon at a. The machine, 


Fig. 5th; is for delineating the Moon's path, and will be deſcribed, 


with the reſt of my Aſtronomical machinery, in the laſt Chapter. The 


Sun 1s ſuppoſed to be in the center of the curve 4 1234567 B 


Proportion of c. and the ſmall dotted circles upon it repreſent the Moon's Orbit, of 


the Moon's 
Orbit to the 
Earth's. 


Fig. II. 


which the radius is in the ſame proportion to the Earth's path in this 
ſcheme, -that the radius of the Moon's Orbit in the Heavens bears 
to the radius of the Earth's annual path round the Sun; that is, as 
240,000 to 81,000,000, or as 1 to 3372. 


When the Earth is at A, the New Moon is at a; and in the ſeven 


days that the Earth deſcribes the curve 123 4 567, the Moon in 
accompanying the Earth deſcribes the curve 46; and is in her firſt 
Quarter at 6 when the Earth is at B. As the Earth deſcribes the 
curve B 8 9 10 11 12 13 14, the Moon deſcribes the curve bc ; and is 
at c, oppoſite to the Sun, when the Earth is at C, Whilſt the Earth 


deſcribes the curve C 15 16 17 18 19 20 21 22, the*Moon deſcribes 
the curve cd; and is in her third Quarter at d when the Earth is at D. 


Once more, whilſt the Earth deſcribes the curve D 23 24 25:26 27 28 29, 


the Moon deſcribes the curve de; and is again in conjunction at e with - 


the Sun when the Earth is at E, between the 2gth and 3oth day of the 
Moon's age, accounted by the numeral Figures from the New Moon at 
A. In deſcribing the curve a&cde, the Moon goes round the progreſſive 


Earth as really as if ſhe had kept in the dotted Circle 4, and the Earth 


continued immoveable in the center of that Circle. 


% 


And 
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And thus we ſee, that although the Moon goes round the Earth in The Moon's 
a Circle, with reſpe& to the Earth's center, her real path in the motion al. 
Heavens is not very different in appearance from the Earth's . 
To ſhew that the Moon's path is concave to the Sun, even at the time Sun. 
of Change, it is carried on a little farther into a ſecond Lunation, 
a , | by a 5 | 

267. The. Moon's abſolute motion from her Change to her firſt 
Quarter, or from à to 6, is. ſo much ſlower than the Earth's, that ſhe 
falls 240 thouſand miles (equal to the ſemidiameter of her Orbit) 
behind the Earth at her firſt Quarter in 5, when the Earth is in B; 
that is, ſhe falls back a ſpace equal to her diſtance from the Earth. 
From that time her motion is gradually accelerated to her Oppoſition 
or Full at c, and then ſhe is come up as far as the Earth, having How her mo- 
regained what ſhe loſt in her firſt Quarter from à to b. From the ne alter. 
Full to the laſt Quarter at 4 her motion continues accelerated, ſo as ed * 
to be juſt as far before the Earth at D, as ſhe was behind it at her lerated. 
firſt Quarter in 6. But, from d to e her motion is retarded fo, that 
ſhe loſes as much with reſpect to the Earth as is equal to her diſtance 
ſrom it, or to the ſemidiameter of her Orbit; and by that means ſhe 
comes to e, and is then in conjunction with the Sun as ſeen from the 
Earth at E. Hence we find, that the Moon's abſolute motion is ſlower 
than the Earth's from her third Quarter to her firſt; and ſwifter than 
the Earth's from her firſt Quarter to her third: her path being leſs 
curved than the Earth's in the former caſe, and more in the latter. 
Yet it is ſtill bent the ſame way towards the Sun; for if we imagine 
the concavity of the Earth's Orbit to be meaſured by the length of a 
perpendicular line Cg, let down from the Earth's place upon the 
ſtraight line 5g d at the Full of the Moon, and connecting the places 
of the Earth at the end of the Moon's firſt and third Quarters, 
that length will be about 640 thouſand miles; and the Moon when 
New only approaching nearer to the Sun by 240 thouſand miles 
than the Earth is, the length of, the perpendicular let down from her 
place at that time upon the ſame ſtraight line, and which ſhews the. 
concavity of that part of her path, will be about 400 thouſand miles. 


268. The Moon's path being concave to the Sun throughout, de- A qiiculty 
monſtrates that her gravity towards the Sun, at her Conjunction, ex- removed. 
ceeds her gravity towards the Earth. And if we conſider that the 
quantity of matter in the Sun is almoſt 2 30 thouſand times as great 
as the quantity of matter in the Earth, and that the attraction 
of cach body diminiſhes as the ſquare " the diſtance from it increaſes, ; 

| | | 2 we 


f 
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PLATE vn. we ſhall ſoon find, that the point of equal attraction between the Earth 

| and the Sun, is about 70 thouſand miles nearer: the Earth than the 
Moon is at her Change. It may now appear ſurpriſing: that the Moon 
does not abandon the Earth when ſhe is between it and the Sun, becauſe 
ſhe is conſiderable more attracted by the Sun than by the Earth at that 
time. But this difficulty vaniſhes when we conſider, that a common 
impulſe on any ſyſtem of bodies affects not their relative motions ; but 
that they will continue to attract, impel, or circulate round one ano- 
ther, in the ſame manner as if there was no ſuch impulſe. The Moon 
is ſo near the Earth, and both of them fo far from the Sun, that the 
attractive power of the Sun may be conſidered as equal on both: and 
therefore the Moon will continue to circulate round the Earth in the 
fame manner as if the Sun did not attract them at all: like bodies in 
the cabbin of a ſhip, which more round or impel one another in the 
fame manner when the ſhip is under fail, as when it is at reſt; becauſe 
they are all equally affefted by the common motion of the ſhip. If 
by any other cauſe, fuch as the near approach of a Comet, the Moon's 
diſtanze from the Earth thould' happen to be ſo much increaſed, that 
the difference of their gravitating forces towards the Sun ſhould, exceed 
that of the Moon towards the Earth; in that caſe, the Moon, when in 
conjunction, would abandon the Earth, and be ether wen into the 
ny * e, eee £651 


„The caves eh hör r Sutelltes deſcribe, are all of dif. 
— forts fromthe path adſeibed by-our Moon, although theſe Satel- 
lites go round Jupiter, as the Moon goes round the Earth. Eet 
Fig. III. A@ABCDE &c. be as much of Jupiter's Ovbit as he deſbribes in 18 days 
from A to T; and the curves a, d, c, d will as pe of his four 
Moons going round: hin in kiprogreflive motion. 
The abſolute Now let us ſuppoſe all theſe Moons to ſet out from a eonjunctzen 
e with dhe Sun, as een from Jupiter at 4; then, his firſt or neareſt 
Satellites de- Moon will be at a, his ſecond at 5, his third at a, and his fourth 
lineated. at d At the end of 24 terreſtrial hours after this co piter 
has moved to B, his; ſinſt Moon or Satellite  has- deſcribed the curve 
a1, his ſecond the curve 51, his third ci, and his fourth 41. The 
next day, when Jupiter is at C, his firſt Satellite has deſeribed' the 
curve. 2 2, from its conjunction, his: ſecond the curve 32, his third the 
curve 2, and his fourth the curve dz, and ſo on. The numeral 
Figures under the capital letters ſhew Jupiter's: place in his path every 
day for 18 days, accounted. from A to 75 and the like Figures ſet to 
en his Satellites, — they are at the like times. ful 


——— — — . 


abandam the Earth at the time of her Cbunge. 1 


firſt Satellite, almeſt under C, is ſtationaty at + as feeh from the PLATRVII. 
Sun; and retrograde from & to 2: at 2 it appears ſtationary. again, 
and thence it moves forward until it has paſt 3, and is twice ſtationary, 
and once retrograde, between 3 and 4. The path of this Satellite 
interſects itſelf every 322 hours, making ſuch loops as in the Diagram 
at 2. 3. 5. 7. 9. 10. 12, 14. 16. 18, a little after every Conjunction. 
The ſecond Satellite 5, moving ſlower, barely eroſſes it's path every 
3 days 13 hours; as at 4. 7. 11. 14. 18, ating enly five loops and 
as many conjunctions in the time that the firſt makes ten. The 
third Satellite c moving ſtill lower, and having deſcribed the curve 
@ 1. 2. 3. 4. 5. 6. 7, comes to an angle at 7 in conjunction with the 
Sun at the end of 7 days 4 hours; and fo goes on to deſcribe ſuch pig. III. 
another curve 7. 8. 9. 10. 11. 12. 13. 14, and is at 14 in it's net 
conjunction. The fourth Satellite 4 is always progreffive, making 
neither loops nor angles in the Heavens; but comes to it's next con- 
junction at e between the numeral figures 16 and 17, or in 16 days 
18 hours. In order to have a tolerabhy good figure of the paths of 
thafe Satellites, I took the following method. | 
Having drawn their Orbits on a Card, in proportion to their relative pig · Iv. 
diſtances from Jupiter, I meafured the radius of the Orbit of the 
fourth Satellite, which was an inch and % parts of an inch; then 
multiplied this by 424. for the radius of Jupiter's Orbit, becauſe Jupiter 
is 424 times as far from the Sun's center as his fourtir Satellite is 
his center; and the product thence! ariſing: was 483% inches, Then How to de- 
taking a ſmall cord of this length, and fixing one end of it to the floor lincate the 
of a long room by a nail, with a black- lead pencil at the other end 1 fi, loduri- 
drew the curve AB CD &e. and fet off a degree and a half thereon, | 
from: A to T; becauſe Jupiter moves only ſo much, whit his outer- 
N moſt Satellite goes once round him, and ſomewhat more; fo that this 
ſmall. portion of fo: large a circle differs but very little from a ſtraight 
line. This done, I divided the ſpace A T into 18 equal parts, as 
4B, BC, &c. for the daily progreſs of Jupiter; and each part into 
24 for his: hourly progreſs. The Orbit of each Satellite was alſo di- 
vided into as many equal parts as the Satellite is hours in finiſhing; it's 
ical period round Jupiter. Then drawing: a right line through 
the center of the Card, as a diameter to all the four Orbits upon it, I 
put the card upon the line of Jupiter's motion, and transferred it to 
every horary diviſion thereon, keeping always the ſaid diameter - line on 
the line of Jupiter's path; and running a pin through each horary di- 
viſion in the Orbit 5 Satellite as the card was gradually transferred 
along the line LB CD &. of Jupiter's. motion, I marked points for 
| 4 | every 
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PLATE VII. every hour through the Card for the. Curves deſcribed by the Satellites, 
as the primary Planet in the center of the Card was carried forward 
on the Ine: and fo finiſhed the Figure, by drawing the lines of 
each:;SateMite's motion through thoſe (almoſt innumerable) points: 
by which means, this is perhaps as true a Figure of the paths of theſe 
And Saturn's. Satellites as can be deſired. And in the ſame manner might thoſe for 
| Saturn's. Satellites be delineated. lk 
The prand 270. It appears by the ſcheme, that the three firſt Satellites come 

Period of Ju- almoſt into the ſame line or poſition. eyery ſeventh day ; the firſt be- 
Feen, ing only a little behind with the ſecond, and the ſecond behind with the 
| third, But the period of the fourth Satellite is ſo incommenſurate to 
the periods of the other three, that it cannot be gueſſed at by the dia- 
gram when it would fall again into a line of conjunction with them, 
between Jupiter and the Sun. And no wonder; for ſuppoſing: them 
all to have been once in conjunction, it will require 3,087,043,493,260 
years to bring them in conjunction again. See F733 

Fig. V. 271. In Fig. 4th we have the proportions of the Orbits of Saturn's 
1 propor- five Satellites, and of Jupiter 's four, to one another, to our Moon's 
ore og ga Orbit, and to the Diſc of the Sun. S is the Sun; Mm the Moon's 
Planets and Orbit (the Earth ſuppoſed to be at E;) J Jupiter; 1. 2. 3. 4 the Or- 
Satellites. pits of his four Moons or Satellites; Sat Saturn; and 1. 2. 3. 4. 5 the 
Orbits of his five Moons. Hence it appears, that the Sun would much 
more than fill the whole Orbit of the Moon; for the Sun's diameter is 
763, ooo miles, and the diameter of the Moon's Orbit only 480, ooo. 
In proportion to all theſe Orbits of the Satellites, the radius of Saturn's 
annual Orbit would be 2 14 yards, of Jupiter's Orbit 1142, and of the 

Earth's 2+, taking them in round numbers. 

272. The annexed table ſhews at once what proportion the Orbits, 
Revolutions, and Velocities, of all the Satellites bear to thoſe of their 
primary Planets, and what ſort of curves the ſeveral Satellites de- 
ſcribe. For, thoſe Satellites whoſe velocities round their Primaries 

are greater than the velocities of their Primaries in open ſpace, 
make loops at their conjunctions, & 269 ; appearing retrograde as 
ſeen from the Sun whilſt they deſcribe the inferior parts of their 
Orbits, and direct whilſt they deſcribe the ſuperior. . This is the caſe 
with Jupiter's firſt: and ſecond Satellites, and with Saturn's firſt, But 

| thoſe Satellites, whoſe velocities are leſs than the velocities of their pri- 

mary Planets, move direct in their whole circumvolutions ; which is 

the caſe of the third and fourth Satellites of Jupiter, and of the ſe- 
cond, third, fourth, and fifth Satellites of Saturn, as well as of our 
Satellite the Moon: But the Moon is the only Satellite whoſe mo- 


N tion 


The Curves deſcribed by the ſecondary Planets. 


tion is always concave to the Sun. There is a table of this ſort in 


8 


| Proportion of the Proportion of the | Proportion of the Ve- 
Radius of the Planet's | Time of the Planet's | locity of each Satel- 
Orbit to the Radius | Revolution to the | lite to the Velocity 
'of the Orbit of each | Revolution of each | of it's primary Pla- 


Satellite. Satellite. net. 


sonflloꝛrg 
1 


As 5322 to 1] As 5738 to 1] As 5738 to 5322 


I 

O 

221] 4353 1 3912 1 3912 4155] 

WEE... 2347 1] 2347 2954 

5 4 1298 1 674 I 674 1295 
353 432 1 134 3 134 432 

8, 1]As 1851 to 1]As 2445 to 10 As 2445 to 1851 
2 2 1 1 1429 1 1219 1165 
3 1 604 1 604 731 
8 4 1 "SIE 1 258 424 


| 


| Th 8 r — 
| 2dans As 337% to 1 As 443 to 1] As 127 to 3372 


De la Caille's Aſtronomy, but it is very different from the above, 
which I have computed from our Engliſh accounts of the periods and 
diſtances of theſe Planets and Satellites. 1 "= 


CHA P. XVI. 


The Phenomena of the Harveſt-Moon explained by a com- 
mon Globe: The years in which the Harveſt- Moons are 


| leaſt and moſt beneficial from 1751, to 1861. The long 


duration of Moon-light at the Poles in winter. 


27 JI is generally believed that the Moon riſes about 48 minutes 
| later every day than on the preceding ; but this 1s true only 
with regard to places on the Equator, In places of confiderable La- 
titude there is a remarkable difference, eſpecially in the harveſt time ; 
with which Farmers were better acquainted than Aſtronomers till of 
late; and gratefully aſcribed the early ring of the Full Moon at that 
time of the year to the goodneſs of God, not doubting that he had 
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ordered it ſo on purpoſe to give them an immediate ſupply ef Moon- 
light after ſun- ſet for their greater conveniency in reaping the fruits of 
the h... 3 ä | x 
In this inftance of the Harveſt-Moon, as in many others diſcover- 
able by Aſtronomy, the wiſdom and beneficence of the Deity is con- 
ſpicuous, who really ordered the courſe of the Moon ſo, as to beſtow 
more er leſs light on all parts of the Barth as their ſeveral circum- 
ſtances and feaſons render it more or leſs ſerviceable. About the E- 
quator, where there is no variety of ſeaſans, and the weather changes 
ſeldom, and at Rated times, Moon-light is not neceſſary for gathering 
in the produce of the ground; and there the Moon riſes about 48 mi- 
nutes later every day or night than on the former. At conſiderable 
diſtances from the Equator, where the weather and ſeaſons are more 
, uncertain, : the autumnal Full Moons rife very ſoon after ſun- ſet for ſe- 


But remarka- yeral evenings together. At the polar circles, where the mild ſeaſon 


ble according is of very ſhort duration, the autumnal Full Moon riſes at ſun- ſet from 


of places from the firſt to the third quarter. And at the Poles, where the Sun is for 
ſetting from the firſt to the third quarter. \ | 
The reaſon of It A ſoon ſaid that all theſe 1 are owing to the different 
his, Angles made by the Horizon and different parts of the Moon's Orbit; 
and that the Moon can be full but once or twice in a year in thoſe 
parts of her Orbit which riſe with the leaſt angles. But to explain this 
ſubject intelligibly, we muſt dwell much longer upon it. 
274. The * plane of the Equinoctial is perpendicular to the Earth's 
Axis: and therefore, as the Earth turns round it's Axis, all parts of 
the Equinoctial make equal Angles with tho Horizon both at riſing 
and ſetting; ſo. that equal portions of it always riſe or ſet in equal 
times. Conſequently, if the Meon's motion were equable, and in the 
Equinoctial, at the rate of 12 degrees from the Sun every day, as it is 
in her Orbit, ſhe would riſe and ſet 48 minutes later every day than 
on the preceding: for 12 degrees of the Equinoctial rife or ſet in 48 
minutes of time in all Latitude. I 
275. But the Moon's motion is ſo nearly in the Ecliptic, that we 
may confider her at preſent as movimg in it. Now the different parts 
of the Bchptie, on account of it's obliquity to the Earth's Axis, make 
very different Angles with the Horizon as they riſe or fet. Thoſe 
parts or Signs which rife with the ſmalleſt Angles ſet with the greateſt, 
and vice wersd. In equal times, whenever this Angle is leaſt, a greater 
If a Globe be cut quite through® -ircle, the | here it is ſo di- 
vided, is the plane of t Sicke * . - RN . | 


X 


it. half a year abſent, the winter Full Moons ſhine conſtantly without 


portion | 
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portion of the Ecliptic riſes than when the Angle is larger; as may be PLATE 111. 


ſeen by elevating the pole of a Globe to any conſiderable Latitude, and 
then turning it round it's Axis in the Horizon, Conſequently, when the 
Moon is in thoſe Signs which riſe or ſet with the ſmalleſt Angles, ſhe 
riſes or ſets with the leaſt difference of time; and with the greateſt 
difference in thoſe Signs which riſe or ſet with the-greateſt Angles. Fig. III. 
But, becauſe all who read this Treatiſe may not be provided with 
Globes, though in this caſe it is requiſite to know how to uſe them, we 
ſhall ſubſtitute the Figure of a globe; in which FUP is the Axis, 
S TR the Tropic of Cancer, LT M the Tropic of Capricorn, S EU W 
the Ecliptic touching both the Tropics, which are 47 degrees from 
each other, and AB the Horizon. The Equator, being in the mid- 
dle between the Tropics, is cut by the Ecliptic in two oppoſite 
points, which are the beginnings of p Aries and ; Libra, & is the 
Hour-circle with its Index, F the North Pole of the Globe ele- 
vated to a conſiderable Latitude, ſuppoſe 40 degrees above the Ho- | 
rizon ; and P the South Pole depreſſed as much below it. Becauſe Fig. III. 
of the oblique poſition of the Sphere in this Latitude, the Ecliptic has 
the high elevation NO above the Horizon, making the Angle NU © The different 
of 73+ degrees with it when S Cancer is on the Meridian, at which Res nee 
time S Libra riſes in the Eaſt. But let the Globe be turned half : and Hort. 
round it's Axis, till W Capricorn comes to the Meridian and ꝙ Aries zcn. 
riſes in the Eaſt, and then the Ecliptic will have the low ele- 
vation NL above the Horizon, making only an Angle NUL of 262 de- 
grees with it; which is 47 degrees leſs than the former Angle, equal 
to the diſtance between the Tropics. | 
276. In northern Latitudes, the ſmalleſt Angle made by the Ecliptic 
and Horizon is when Aries riſes, at which time Libra ſets: the greateſt Leaſt and 
when Libra riſes, at which time Aries ſets. From the riſing of Aries 2 | 
to the rifing of Libra (which is twelve * Sydereal hours) the angle in- "ppt 
creaſes; and from the riſing of Libra to the rifing of Aries it decreaſes 
in the ſame proportion. By this article and the preceding, it appears 
that the Ecliptic riſes faſteſt about Aries, and ſloweſt about Libra. 


The Ecliptic, together with the fixed Stars, make 3664 apparent diurnal revo- 
lutions about the Earth in a year; the Sun only 3653. Therefore the Stars gain 
3 minutes 56 ſeconds upon the Sun every day: fo that a Sydereal day contains only 
23 hours 56 minutes of mean Solar time; and a natural or Solar day 24 hours. Hence 
12 Sydereal hours are 1 minute 58 ſeconds ſhorter than 12 Solar, | 


* * 


* N 277. On 
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Of the Harveſi-Mo. 


Reſult of the 27. On the Parallel of London, as much of the Ecliptic riſes about 


quantity of 


8 Piſces and Aries in two hours as the Moon 


London. 


goes through in ſix days: and thereſore 5 Riſing ates | 
whilſt the Moon is in theſe Signs, ſhe dif- | | & | Dit. Dif. 
fers but two hours in riſing for fix days to- | *|> 3H N E 1 
gether; that is, about 20 minutes later. 
every day or night than on the preceding, | % 13] 1 510 50 
at a mean rate. But in fourteen days after- | ;| 1e 1 14 35 
wards, the Moon comes to Virgo and Libra, | 4} 23 1 17] o 32: 
which are the oppoſite Signs to Piſces and * 5 Ee 
5 1 24 
Aries; and then ſhe differs almoſt four 74% 21 15] 0 20 
times as much in riſing; namely, one hour 8 151 25] 18 
| e 9 e 
and about fifteen minutes later every day or fem 12 1 17] 2 
vight than the former, whilſt ſhe is in theſe ii 25 1 14] © 30 
Signs: The annexed Table ſhews the daily % *| 2 231 39 
| : . 13 21] 1 10 o 47 
mean difference of the Moon's riſing and ia 4| 1 4 56 
ſetting on the Parallel of London, for 28 |'5} „ % 5 
days; in which time the Moon finiſhes her , 14 o 35 1 12 
period round the Ecliptic, and gets 9 de- [is] 27 © 3o| 1 15 
12 N me Si fi the beginni | 19] & 10] © 25] 1 16 
grees into the ſame Sign from the beginning ]“ 2 
i | | « 1 17 
of which ſhe. ſet out. So it appears by the fziſy 7 o 1 1 16 
Table, that when the Moon is in Ig and x 42: 4 00.902] 3:25} 
che riſes an hour and a quarter later every 24 | 24 6. 
day than ſhe roſe on the former; and differs 23 1 e « 14 
+ 6 ; . . 2 a eln 1 
only 28, 24, 20, 18 or 17 minutes in ſetting. „ 26, 5 % 
But, when ſhe comes to 26 and p, ſhe is 28 91 o| 1 58 
we e | 7 59 
only 20 or 17 minutes later in riſing; and | 


an hour and a quarter later in ſetting. ONE 

278. All theſe things will be made plain by putting ſmall patches 
on the Ecliptic of a Globe, as far from one another as the Moon moves 
from any Point of the celeſtial Ecliptic in 24 hours, which at a mean 


rate is * 134 degrees; and then in turning the Globe round, obſerve. 
the riſing and ſetting of the patches in the Horizon, as the Index points 


out the different times in the hour- circle. A few of theſe patches are 
repreſented by dots at © 1 2 3 &. on the Ecliptic, which Ea po- 
ſition LUT when Aries riſes in the Eaſt; and by the dots o 1 2 3 &c. 


when Libra riſes in the Eaſt, at which time the Ecliptic has the poſi- 
tion EU W: making an angle of 62 degrees with the Horizon in the 


The Sun advances almoſt a degree in the Ecliptic in 24 hours, the ſame way that 
the Moon moves: and therefore, the Moon by advancing 134 degrees in that time goes 
little more than 12 degrees farther from the Sun than ſhe was on the day before. 


latter 
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latter caſe, and an angle of no more than 15 degrees with it in the 
former; ſuppoſing the Globe rectified to the Latitude of London. 
279. Having rectified the Globe, turn it until the patch at o, about 
the beginning of Piſces in the half LUT of the Ecliptic, comes to 
the Eaſtern fide of the Horizon; and then keeping the ball ſteady, ſet 
the hour- index to XII, becauſe that hour may perhaps be more eaſily 
remembered than any other. Then, turn the Globe round weſtward, 
| and in that time, ſuppoſe the patch o to have moved thence to 1, 
| 135 degrees, whilſt the Earth turns once round it's Axis, and you will 
ſee that 1 riſes only about 20 minutes later than o did on the day be- 
fore. Turn the Globe round again, and in that time ſuppoſe the ſame 
patch to have moved from 1 to 2; and it will riſe only 20 minutes 
later by the hour-index than it did at 1 on the day or turn before. 
At the end of the next turn, ſuppoſe the patch to have gone from 2 
to 3 at U, and it will riſe 20 minutes later than it did at 2. And 
ſo on for ſix turns, in which time there will ſcarce be two hours 
difference: nor would there have been ſo much if the 6 degrees of 
the Sun's motion in that time had been allowed for. At the firſt 
Turn the patch riſes ſouth of the Eaſt, - at the middle Turn due Eaſt, 
and at the laſt Turn north of the Eaſt. But theſe patches will be 9g 
hours of ſetting on the weſtern fide of the Horizon, which ſhews that 
the Moon will be ſo much later of ſetting in that week in which ſhe 
moves through theſe two Signs. The cauſe of this difference is evi- 
dent; for Piſces and Aries make only an Angle of 15 degrees with 
the Horizon when they riſe; but they make an Angle of 62 de- 
grees with it when they ſet. As the Signs Taurus, Gemini, Cancer, 
Leo, Virgo, and Libra, riſe ſucceſſively, the Angle increaſes gradually 
which they make with the Horizon; and decreaſes in the ſame pro- WE 
portion as they fet. And for that reaſon, the Moon differs gradually - 
more in the time of her riſing every day whilſt ſhe is in theſe Signs, 
and leſs in her ſetting : after which, through the other fix Signs, vi. 
Scorpio, Sagittary, Capricorn, Aquarius, Piſces, and Aries, the riſing 
difference becomes leſs every day, until it be at the leaſt of all, namely, 
in Piſces and Aries. | 11 gs | 
280. The Moon goes round the Ecliptic in 27 days 8 hours; but 
not from Change to Change in leſs than 29 days 12 hours: fo that 
ſhe is in Piſces and Aries at leaſt once in every Lunation, and in ſome 
Lunations twice. | i e 
281. If the Earth had no annual motion, the Sun would never Why the 
appear to ſhift his place in the Ecliptic. And then every New Moon Moon is al- 
would fall in the ſame fign and: degree of the Ecliptic, and —_ — all 
| T 2 all Signs. 


Of the Harveft-- Moon. 


Full Moon in the oppoſite: for the Moon would go preciſely round the 


Ecliptic from Change to Change. So that if the Moon was once Full 
in Piſces, or Aries, ſhe would always be Full when ſhe came round 


to the ſame Sign and Degree again. And as the Full Moon riſes 


at Sun-ſet (becauſe when any point of the Ecliptic ſets, the oppoſite 
points riſes): ſhe would conſtantly riſe within two hours of Sun-ſet, on 


Her periodi- 


cal and ſy no- 


dical Revolu- 
tion exem- 


plified. 


the parallel of London, during the week in which ſhe were Full. But 
in the time that the Moon goes round the Ecliptic from any con- 
junction or oppoſition, the Earth goes almoſt a Sign forward; and 
therefore the Sun will ſeem to go as far forward in that time, namely, 
27+ degrees; ſo that the Moon muſt go 274 degrees more than round, 
and as much farther as the Sun advances in that interval, which is 22 
degrees, before ſhe can be in conjunction with, or oppoſite to, the Sun 
again. Hence it is evident, that there can be but one conjunction 
or oppoſition of the Sun and Moon in a year in any particular part 
of the Ecliptic. This may be familiarly exemplified by the hour 
and minute hands of a watch, which are never in conjunction or 
oppoſition. in that part of the dial-plate where they were ſo laſt 
before. And indeed if we compare the twelve hours on the dial- 
plate to the twelve ſigns of the Ecliptic, the hour-hand to the 
Sun and the minute-hand to the Moon, we ſhall have a tolerably 
near reſemblance in miniature to the motions of our great celeſtial 
Luminaries. The only difference is, that whilſt the Sun goes 
once round the Ecliptic, the Moon makes 124 conjunctions with him: 
but whilſt the hour-hand goes round the dial-plate, the minute-hand 


makes only 11 conjunctions with it; becauſe the minute-hand moves 


The Harveſt 
and Hunter's 
Moon. 


Why the 
Moon's regu- 
lar rifing 1s 
never per- 
ceived but in 
Harveſt, 


* 


the Sun. | 
282. As the Moon can never be full but when ſhe is oppoſite to the 
Sun, and the Sun is never in Virgo and Libra but in our autumnal 


ſlower in reſpec of the hour-hand than the Moon does with regard to 


months, it is plain that the Moon is never full in the oppoſite Signs, 


Piſces and Aries, but in thefe two months. And therefore we can have 
only two Full Moons in the year, which riſe ſo near the time of Sun-ſet 
for a week together, as above-mentioned. The former of theſe is called 
the Harvef Moon, and the latter the Hunter's Moon. 
283. Here it will probably be aſked, why we neyer obſerve this re- 
markable riſing of the Moon but in harveſt, fince the is in Piſces and 
Aries twelve times in the year beſides; and muſt then riſe with as little 
difference of time as in harveſt ?* The anſwer is plain: for in winter 
theſe Signs riſe at noon ; and being then only a Quarter of a Circle 
diſtant from the Sun, the Moon in them is in her firſt Quarter : an 
97. 41 5 when 
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when the Sun is above the Horizon, the Moon's riſing is neither re- 
arded nor perceived. In ſpring theſe Signs riſe with the Sun, becauſe 
be is then in them; and as the Moon changeth in them at that time 
of the year, ſhe is quite inviſible. In ſummer they riſe about mid- 
night, and the Sun being then three Signs, or a Quarter of a Circle 
before them, the Moon is in them about her third Quarter; when 
rifing ſo late, and giving but very little light, her riſing paſſes unob- 
ſerved. And in autumn, theſe Signs being oppoſite to the Sun, riſe 
when he ſets, with the Moon in oppoſition, or at the Full, which: 
makes her riſing very conſpicuous. | 


284. At the Equator, the North and South Poles lie in the Horizon; 
and therefore the Ecliptic makes the ſame Angle ſouthward with the 
Horizon when Aries riſes, as it does northward when Libra riſes. Con- 
ſequently, as the Moon at all the fore-mentioned patches riſes and ſets 
nearly at equal Angles with the Horizon all the year round, and about 
48 minutes later every day or night than on the preceding, there can 
be no particular: Harveſt-Moon at the Equator. 3 
285. The farther that any place is from the Equator, if it be not 
beyond the Polar Circle, the Angle gradually diminiſhes which the 
Ecliptic and Horizon make when Piſces and Aries rife ; and therefore 
when the Moon is in theſe Signs ſhe riſes with a nearly proportionable 
difference later every day than on the former; and is for that reaſon 
the more remarkable about the Full, until we come to the Polar 
Circles, or 66 degrees from the Equator; in which Latitude the 
Ecliptic and Horizon become coincident every day for a moment, 
at the ſame ſydereal hour (or 3 minutes 56 ſeconds ſooner every day 
than the former) and the very next moment one half of the Ecliptic 
containing Capricorn, Aquarius, Piſces, Aries, Taurus, and Gemini, 
riſes, and the oppoſite half ſets. Therefore, whilſt the Moon is go- 
ing from the beginning of Capricorn to the beginning of Cancer, 

which is almoſt 14. days, ſhe riſes at the ſame ſydereal hour; and in 
autumn juſt at Sun-ſet; becauſe all that half of the Ecliptic, in which 
the Sun is at that time, ſets at the ſame ſydereal hour, and the oppoſite 
half riſes ; that is, 3 minutes 56 feconds, of mean ſolar time, ſooner 
every day than on the day before. So whilſt the Moon is going from 
Capricorn ta Cancer, fhe riſes earlier every day than on the preceding; 


_ contrary to what ſhe does at all places between the polar Circles. But 
during the above fourteen days, the Moon is 24 ſydereal hours later in 


ſetting ; for the ſix Signs which riſe all at once on the eaſtern fide of 
the Horizon are 24 hours in ſetting on the weſtern ſide of it; as any 
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one may ſee by making chalk- marks at the beginning of Capricorn and 
of Cancer, and then, having elevated the Pole 66+ degrees, turn the 
Globe {lowly round it's Axis, and obſerve the riſing and ſetting of the 
Ecliptic. As the beginning of Aries is equally diſtant from the begin- 
ning of Cancer and of Capricorn, it is in the middle of that half of 
the Ecliptic which riſes all at once. And when the Sun is at the begin- 
ning of Libra, he is in the middle of the other half. Therefore, when 
the Sun is in Libra, and the Moon in Capricorn, the Moon is a Quarter 
of a Circle before the Sun; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle behind him, when in Cancer. But 
when Libra riſes, Aries ſets, and all that half of the Ecliptic of which 
Aries is the middle, and therefore, at that time of the year, the Moon 
riſes at Sun-ſet from her firſt to her third Quarter. TRI 
The Harveſt- 280. In northern Latitudes, the autumnal Full Moons are in Piſces 
Moons reg%- and Aries; and the vernal Full Moons in Virgo and Libra: in ſouthern 
ola aces Latitudes juſt the reverſe, becauſe the ſeaſons are contrary. But 
Equator. Virgo and Libra riſe at as ſmall Angles with the Horizon in ſouthern 
Latitudes, as Piſces and Aries do in the northern; and therefore 
2 _— are juſt as regular on one fide of the Equator as on 
S r | | | 


2287. As. theſe Signs, which riſe with the leaſt Angles, ſet with the 
greateſt, the yernal Full Moons differ as much in their times of riſing 
every Night as the autumnal Full Moons differ in their: times of ſetting ; 
and fet with as little difference as the autumnal Full Moons riſe : the 
one being in all caſes the reverſe of the other. 0 | 

288. Hitherto, for the fake of plainneſs, we have ſuppoſed the 
Moon to move in the Ecliptic, from which the Sun never deviates. 
But the Orbit; in which the Moon really moves is different from the 
Ecliptic : one half being elevated 5+ degrees above it, and the other 
half as much. depreſſed below it. The Moon's Orbit therefore inter- 
| ſeas the Ecliptic in two points diametrically _—_— to each other; 
The Moon's and theſe interſections are called the Moon's Nodes. So the Moon can 
Nodes. never be in the Ecliptic but when ſhe is in either of her Nodes, which 
zs at leaſt twice in every courſe from Change to Change, and ſome- 
times thrice. For, as the Moon goes almoſt a whole Sign more than 
round her Orbit from Change to Change; if ſhe paſſes by either Node 
about the time of Change, ſhe will paſs by the other in about four- 
teen days after, and come round to the former Node two days again 
before the next Change. That Node from which the Moon begins 
to aſcend northward, or above the Ecliptic, in northern Latitudes, 
is called the Aſcending Node; and the other the Deſcending Noae, 
89 4 | | becauſe 


: Of the Harve/#-Moon, 
becauſe the Moon, when ſhe paſſes by it, deſcends below the Ecliptic 


fouthward, 


289. The Moon's oblique motion with regard to the Ecliptic cauſes 
ſome difference in the times of her riſing and fetting from what is 
already mentioned. For whilſt ſhe is northward of the Ecliptic, ſhe 
riſes ſooner and ſets later than if ſhe moved in the Ecliptic : and when 
ſhe is ſouthward of the Ecliptic, ſhe rifes later and fets ſooner. This 
difference 1s variable, even in the fame Signs, becauſe the Nodes ſhift 
backward about 19+ degrees in the Echptic every year ; and fo go 
round it contrary to the order of Signs in 18 years 225 days. | 

290. When the Aſcending Node is in Aries, the ſouthern half of 
the Moon's Orbit makes an Angle of 5+ degrees leſs with the Horizon 


than the Ecliptic does, when Aries fiſes in northern Latitudes : for 


which reaſon the Moon riſes with leſs difference of time whilſt ſhe is 
in Piſces and Aries, than there would be if .ſhe kept in the Ecliptic. 
But in 9 years and 112 days afterward, the Deſcending Node comes 


to Aries; and then the Moon's Orbit makes an Angle 5* degrees 


greater with the Horizon when Aries riſes, than the Ecliptic does at 
that time; which cauſes the Moon to riſe with greater difference of 
time in Piſces and Aries than if ſhe moved in the Ecliptic. | 
291. To be a little more particular; when the Aſcending Node is in 
Aries, the Angle is only 9+ degrees on the parallel of London when 
Aries riſes. But when the Deſcending Node comes to Aries, the 
Angle is 20+ degrees; this occaſions as great a difference of the Moon's 


riſing in the ſame Signs every g years, as there would be on two pa- 


rallels to 104 degrees from one another, if the. Moon's courſe were 


in the Ecliptic. The following Table ſhews how much the obli- 


quity of the Moon's Orbit affects her riſing and ſetting on the pa- 
rallel of London, from the 12th to the 18th day of her age; ſup- 
poſing her to be Full at the autumnal Equinox: and then; either 


in the Aſcending Node, higheſt part of her Orbit, Deſcending. Node, 


or. loweft- part of her Orbit. M ſignifies morning, A afternoon ; and 
the line at the foot of the Table ſhews a.week's difference in riſing and 
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Pull in her Aſ-In the bighell Full in her De- In the loweſt part | 
| cending node. |partofherOrbit.| ſcending node. | of her Orbit. | 


Sets at Riſes at Sets at Riſes at Sets at] Riſes at] Sets at 
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This Table was not computed, but only eſtimated as near as could 
be done from a common Globe, on which the Moon's Orbit was deli- 


neated with a black-lead pencil. It may at firſt fight appear erroneous ; 


ſince as we have ſuppoſed the Moon to be full in either Node at the 
autumnal Equinox, ſhe ought by the Table to riſe juſt at fix o'clock, 
or at Sun-ſet, on the 15th day of her age; being in the Ecliptic at 


that time. But it muſt be conſidered, that the Moon is only 144+ days 


The period of 
the Harveſt- 
Moon. 


old when ſhe is Full; and therefore in both caſes ſhe is a little paſt 
the Node on the 15th day, being above it at one time, and below it 
at the other 0 | 


292. As there is a compleat revolution of the Nodes in 18+ years, 


there muſt be a regular period of all the Varieties which can happen 


in the riſing and ſetting of the Moon during that time. But this ſhift- 
ing of the Nodes never affects the Moon's riſing ſo much, even in her 


quickeſt deſcending Latitude, as not to allow us ſtill the benefit of her 


riſing nearer the time of Sun-ſet for a few days together about the Full 
in Harveſt, than when ſhe is Full at any other time of the year. The 
following Table ſhews in what years the Harveſt- Moons are leaſt bene- 
ficial as to the times of their riſing, and in what years moſt, from 17 51 


to 1861. The column of years under the letter L are thoſe in which 


the Harveſt-Moons are leaſt of all beneficial, becauſe they fall about 
the Deſcending Node : and thoſe under M are the moſt of all bene- 


ficial, becauſe they fall about the Aſcending Node. In all the co-* 


lumns from N to & the Harveſt-Moons deſcend gradually in the Lunar 
Orbit, and riſe to leſs heights above the Horizon. From & to N they 


aſcend in the. ſame proportion, and riſe to greater heights above the 
Horizon. In both the columns under & the Harveſt-Moons are in the 
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 Joireſt part of the Moons Orbit, that is, farthoſt South of the Ecliptic; | 209 1p 14465 | F 
and therefore ſtay ſhorteſt of all above the Horizon: in the columns 
under N juſt the reverſe. r 1 
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293. At the Polar Circles, kg clin og ouches:the- : | 
pio, he continues 24 houm above the Taten tirbiin £66 +, -_— - 
when he touches the Winter Tropic. For the fame fran the- Tull * J 
Moon neither riſes in Summer, nor ſets in Winter, conſidering her s | 
moving in the Ecliptic. For the Winter Full Moon being: as high . | N 
the Ecliptic: as the Summer Sun, mut, therefore continue as, ng i 
above the Horizon; and the Suratner Full Moon: being as low int | 1 
Ecliptic as! the Winter Sun, can ue more riſe; than -e does But t 8 
theſe ere only the two Full Moons whibh happem about the Tropics, _ 0 Ei 
for all the others riſe and ſet. In Summer the Full Moons are low, | NY, 
and their ſtay is ſhort above the Horizon, en the- nights ars ſbi | — 
and we have leaſt occaſion for Moon- light: in Winter they go hig, . A „ 
long above the Herizon, when 2 een 5 „ 
greateſt aa r 2 —9 — TENTS Tc „ 
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294. At the Poles, one half of the Ecliptic never ſets, and the 


The long other half never riſes: and therefore, as the Sun is always half a year 


in deſcribing one half of the Ecliptic, and as long in going through 
the other half, it is natural to imagine that the Sun continues half a: yea 
together above the Horizon of each Pole in it's turn, and as long 
below it; riſing to one Pole when he ſets to the other. This would 
be exactly the caſe if there were no refraction: but by the Atmo- 
ſphere's fefracting the Sun's rays, he beeomes.- viſible : ſome days 
. fooner, § 183, and continues ſome days longer in fight than he would 
_ etherwiſe do: ſo that he appears above the. Horizon of either Pole 
before he has got below the Horizon of the other. And, as he never 
goes more than 237 degrees below the Horizon of the Poles, they 
| * very little dark night: it being twilight there as well as at all 
ether places tilt the Sun be 18 degrees below the Horizon, F 177. 
- The Full Moon being always oppoſite to the Sun, can never in 
© + "while the Sun is above the Horizon, except when the Moon falls in 
tte northern half of her Orbit; for whenever any point of the Ecliptic 
:- 'riſes, the oppoſite point ſets. Therefore, as the Sun is above the 
Horizon of the north Pole from the 2oth of March till the 23d of 
: September, it is plain that the Moon, when Full, being oppoſite to the 
Zaun, muſt be below the Horizon during that half of the year. But 
when the Sun is in the ſouthern balf. of the: Ecliptic, he never riſes to 
the north. Pale, during which half of the year, every Full Moon hap- 
_ pens in ſome part of the northern half of the Eeliptic, which never ſets. 
--: Conſequently, as the polar Inhabitants: never ſee the Full Moon in 
' | Summer, they have her always in the Winter, before, at, and after 
the Full, ſhining for 14 of our days and nights. And when the Sun 
is at his greateſt depreſſion” below the Horizon, being then in Capri- 
corn, the Moon is at her Firſt Quarter in Aries, Full in Cancer, and 
at her Third Quarter in Libra. And as the beginning of Aries is the 
riſing point of the. Ecliptic, Cancer the higheſt, and Libra the ſetting 
point, the Moon riſes at her firft Quantes int ane 
above the Horizon, and Full in Cancer, and ſets at the beginning of 
Libra in her Third Quarter, having continued viſible for x4 diurnal 
rotations of the Earth. Thus the Poles ate ſupplied one half ef the 
winter time with conſtant Moon- light in the Sun's abſence; and only 
_ - Joſe. fight of the Moon from her Third to her Firſt Quarter, while 
he gives but very little light; and could be but of little, and ſome- 
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,  * times. of no ſervice to them. A bare view of the Figure will make 
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. Of the Tides. 


when 5 it's 8 Pole declines from him. SEN. and NVS is he 
Horizon of the north Pole, which is coincident with the Equator; 
and, in both theſe poſitions of the Earth, P S is the Moon's 


Orbit, in which ſhe goes round the Earth, according to the order 
of the letters abc d, ABC D. When the Moon is at a, ſhe is 


in her Third Quarter to the Earth at e, and juſt riſing to the north 
Pole u; at 5 ſhe changes, and is at the greateſt height above the 
Horizon, as the Sun likewiſe is; at c ſhe.is in her Firſt Quarter, ſet- 
ting below the Horizon; and is loweſt: of all under it at d, when 
Oppoſite to the Sun, and her enlightened ſide toward the Earth. 
But then ſhe is full in view to the ſouth Pole p; which is as 


much turned from the Sun as the north Pole inclines towards him. 


Thus in our Summer, the Moon is above the Horizon of the 
north Pole whilſt ſhe deſcribes the northern half of the Ecliptic 
ep SS, or from her Third Quarter to her Firſt; and below the 
Horizon during her progreſs through the fouthern half 2 A WSꝙ; 


higheſt at the Change, moſt depreſſed At the Full. But in Winter, 


when the Earth is at E, and it's north Pole declines from the 
Sun, the New Moon at D is at her greateſt depreſſion below the 


Horizon N Vs, and the Full Moon at B at her greateſt height 


above it; riſing at her Firſt Quarter A, and keeping above the 
Horizon till ſhe comes to her Third Quarter At a mean ſtate 
ſhe is 237 degrees above the Horizon at B and 3, and as much 
below it at D and d, equal to the inclination of the Earth's 


Axis F. $$ and SW are, as it were, a ray of light proceed- 
ing from row Sun to the Earth; and ſhews that when the Earth 


is at e, the Sun is above the Horizon, vertical to the Tropic of 
Cancer; and when the Earth is at E. vs, | is e ahh Ha, 
ernten to the Toopic of W Fe 


Sed 
© 


& - 1 A P. xVII. 
of the Ebbing and Eau of the 8. 


295. PHE 4 of the Tides was Etna by N WA; | 


in his Vatroduction to the Phyſics of the Heavens, thus ex- 


y 


| plains it & C The- Orb of the attracting: pow 
is extended as far as the Earth ; and draws ac 


Zone, acting upon places where it is vertical, inſenſibly - on confined Kerr za. £ 


Jean and bays, but bly on the ocean whole beds x are large, and the 
U 2 Waters 


147 


ery Which is in the Moon, The cauſe of 
ae waters under the torrid d the Tides dif. 


a. Tide 
| PLATE IX. waters have the liberty of reciprocation | that ls, of riſing and falling.” 


And in the yoth page of his Lunar Aſtronomy “! But the cauſe of 
| the Tides of the Sea appears to be the bodies of the Sun and Moon 
Their Theory drawing the waters of the Sea.” This hint being given, the immortal 
improved by Sir Isaac NEWTON improved it, and wrote ſo amply on the ſubject, 
Neuron. as to make the Theory of the Tides in a manner quite his own; by 
| diſcovering the cauſe of their rifing on the fide of the Earth oppoſite 
to the Moon. Fer KePLER believed, that the preſence of the Moon 
occaſioned an impulſe which cauſed another in her abſence. 
Explained en 296. It has been already ſhewn, § 106, that the power of gravity 
_ 3 diminiſhes as the ſquare of the diſtance increaſes; and therefore the 
pr waters at Z on the ſide of the Earth ABCD EFG H next the Moon 
| M are more attracted than the central parts of the Earth O by the 
Fig. I. Moon, and the central parts are more attracted by her than the waters 
on the oppoſite fide of the Earth at x: and therefore the diſtance be- 
tween the Earth's center and the waters on it's ſurface under and oppo- 
ſite to the Moon will be increaſed. For, let there be three bodies at 
H, O, and D: if they are all equally attracted by the body M, th 
will all move equally faft toward it, their mutual diftances from each 
other continuing the fame. If the attraction of M is unequal, then 
that body which is moſt ſtrongly attracted will move faſteſt, and this 
will increaſe it's diſtance-from the ether body. Therefore, by the law 
of gravitation, M will attract H more ftrongly than it does O, by which, 
the diſtance between I and O will be increaſed : and a ſpectator on O 
will perceive ¶ riſing higher toward Z. In like manner, O being 
more ſtrongly attracted than D, it will move farther towards M than 
D does: conſequently, the diſtance between O and D will be in- 
_ creaſed; and a ſpectator on O, not perceiving his own motion, will ſee 
D receding farther from him towards 7 : all effects and appearances 
being the ſame, whether D recedes from O, or O from D. TY 
297. Suppoſe now there is a number of bodies, as A,B,C,D,E,F,G,H 
placed round O, ſo as to form a flexible or fluid ring: then, as the 
whole is attracted towards M, the parts at H and D will have their 
diſtance from O increaſed ; whilſt the parts at B and F, being nearly 
at the ſame diſtance from M as O is, theſe parts will not recede from one 
another; but rather, by the oblique attraction of M, they will approach 
nearer to O. Hence, the fluid ring will form itſelf into an ellipſe 
 ZITIBLnKFNZ, whoſe longer Axis O Z produced will pay. 
through M, and it's ſhorter Axis BO F will terminate in B and F. Let 
the ring be filled with bodies, ſo as to form a fluid ſphere round O; 
then, as the whole moves toward M, the fluid ſphere being lengthened 


Of the Tides. | | 149 : 


at Z and u, will aſſume an oblong or oval form. If M is the Moon, PLATE 1x. 
O the Earth's center, ABCDEFGH the Sea covering the Earth's | 
ſurface, it is evident, by the above reaſoning, that whilſt the Earth-by 
it's gravity falls toward the Moon, the Water directly below her at B 
will {well and riſe gradually towards her: alſo the Water at D will 
recede from the center ſtrictly ſpeaking, the center recedes from D] and 
riſe on the oppoſite ſide of the Earth : whilſt the Water at B and F is 
depreſſed, and falls below the former level. Hence, as the Earth 
turns round it's Axis from the Moon to the Moon again in 24 hours, 
there will be two Tides of Flood and two of Ebb in that time, as we 
find by experience. | Ye Yo | 
298. As this explanation of the ebbing and flowing of the Sea 
is deduced from the Earth's conſtantly -falling toward the Moon. 
by the power of gravity, ſome may find a difficulty in conceiving 
how this is poſſible, when the Moon is full, or in oppoſition to 
the Sun; ſince the Earth revolves about the Sun, and muſt con- 
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tinually fall towards it, and therefore cannot fall contrary ways at the c $i 
fame time: or if the Earth is conſtantly falling towards the Moon, x 
they muſt come together at laſt, To' remove: this difficulty, let it be 165 
conſidered, that it is not the center of the Earth that deſcribes the ij 
annual Orbit round the Sun, but the * common center of gravity of 710 
the Earth and Moon together: and that whilſt the Earth is moving | 
round the Sun, it alfo deſeribes a Circle round that center of gravity ; | 
going as many times round it in one revolution about the Sun as there 
are lunations or courſes of the Maon round the Earth in a year: and 
therefore, the Earth is conſtantly falling towards the Moon from a 
tangent to the Circle it deſcribes round the ſaid common center of gra=  _ 
vity. Let M be the Moon, TH part of the Moon's. Orbit, and C ig. Ir. 
the center of gravity of the Earth and Moon: whilſt the Moon goes | | 
round her Orbit, the eenter of the Earth deſcribes the Circle g ed round L 
C, to which Circle g 2 & is a tangent: and therefore, when the Moon 1 
has gone from M to a little paſt V, the Earth has moved from g to 1 
e; and in that time has fallen tc wards the Moon, from the tangent at 0 
4. t e; und ſo rund the whole CEire le. [ 
This center is as much nearer the Farth's center than the Moon's, as the Earth is j | 
heavier, or contains 2 greater quantity of niatter than the Moon, namely, about 40 nn 
times. If both bodies Were ſuſpended omit, they would bang in equzlibrie.. So that | | ö 
dividing 240, 000 miles, the Moon's diſtance from the Earth's center, by 40, the EX= 7 
ceſs. of the Earth's weight above the Meon's, the quotient will be 6000 miles, which i 
is the diſtance of the common center of gravity of the Earth and Maon from the 1 
299. The | 
. 15 


—— 


PLATE Ix. 299. The Sun's eng in TOW * Tides Is but ſmall, in com- 
ariſes of the Moon's: For though the Earth's diameter bears a con- 
ſiderable proportion to it's diſtance from the Moon, it is next to no- 
thing when compared with the diſtance of the Sun. And therefore, 
the difference of the Sun's attraction on the ſides of the Earth under 
and oppoſite to him, is much leſs than the difference of the Moon's 
attraction on the ſides of the Earth under and oppoſite to her: and 


therefore the Moon muſt raiſe the Tides much bigher than they can be 
raided: by the Sun. 


Why the | 300 On this Theory, b far as we . explained i it, the Tides ought 
5 ies are not. to be higheſt directly under and oppofite to the Moon; that is, when 
che Moon is on the Moon is due north and ſouth. But we find, that in open Seas, 
the Meridian, where the water flows freely, the Moon M is generally paſt the north 
Fig. I. and ſouth Meridian, as at 0 when it is high water at Z and at i. The 
| reaſon 1 is OÞNIOus : 3 for thon though the "rag s attraction was. to 8 alto- 


1 


riſe: for Ty time oo: auch! more „ it do 10 when = attraction 

ais only diminiſhed : a, a little impulſe given to a moving ball will 

cauſe it ſtill to move farther than otherwiſe it could have done. And 

as experience ſhews, that the day is hotter about three in the after- 

neon, than when the Sun is on the Meridian, becauſe of the i incre- 

ment made to he heat already imparted. | 

Nor always 301, The Tides anſwer not always to the Game 8 of the Moon | 
anſwer to her from the Meridian at the fame places; but ate variouſly affected by 


being at the 


Cm diftance the ation of the Sun, which brings them on ſooner when the Moon 

from it. is in beggfarſt and third Quarters, and keeps them back later when ſhe 

* in her ſecond and fourth: becauſe, in the former cate, the Tide 

Taiſed by the Sun alone would be earlier than the Tile raid 1 the 
* Nat bs EY and i in the latter caſe later. 1 


; 


302. The Moon goes round the Euch i in an 1 Orbit, and | 
Charehacs ſhe approaches nearer to the Earth than her mean diſtance, 
Spring and and recedes farther from it, in every Lunar Month. When ſhe is neareſt, 
neap Tides. ſſie attracts ſtrongeſt, and ſo raiſes the Tides moſt ; the contrary happens 

when ſhe is fartheſt, becauſe of her weaker attraction. When both 
Luminaries are in the Equator, and the Moon in Perigeo, or at her 
leaſt diſtance from the Earth, ſhe raiſes the Tides higheſt of all, 
eſpecially at her Conjunction and Oppoſition ; both becauſe the equa- 
1 Jing have the — centrifugal force from them deſcribing = 
ST Lov llargeſt 


largeſt Circle, and from the concurring actions of the Sun and Moon. pL ATE Ix. 
At the Change, the attractive forces of the Sun and Moon being unit- | 
ed, they diminiſh the gravity of the waters under the Moon, and 
their gravity on the oppoſite fide is diminiſhed by means of a greater 
_ centrifugal force. At the Full, whilſt the Moon raiſes the Tide under 
and oppoſite to her, the Sun acting in the ſame line, raiſes the Tide Fig. v1. 
under and oppoſite: to him; , whence their conjoint effect is the ſame as 
at the Change; and in both caſes, occaſion what we call the Spring Tides. 
But at the Quarters the Sun's action on the waters at O and H' diminiſhes 
the effect of the Moon's action on the waters at Z and N; fo that they 
_ riſe a little under and oppoſite to the Sun at O and H, and fall as much 
under and oppoſite to the Moon at Z and MN; making what we call the 
Neap Lides, becauſe the Sun and Moon then act crofs-wile to each other. 
But, ſtrictly ſpeaking, theſe Tides happen not till fome time after; be- 
cauſe in this, as in other caſes, & 300, the actions do not produce the 
greateſt effect when they are at the ſtrongeſt, but ſome time afterward. 
303. The Sun being nearer the Earth in Winter than in Summer, Not greateff 


& 205, is of courſe nearer to it in February and October than in Mærcb at the Equi- 


and September; and therefore the greateſt Tides happen not till ſome 1 _ 
time after the autumnal Equinox, and return a little before the vernal. 
The Sea being thus put in motion, would continue to ebb and The Tides 
flow for feveral times, even though the Sun and Moon were annihi- would nor 
lated, or their influence ſhould ceaſe: as if a baſon of water were — b 5 
agitated, the water would continue to move for ſome time after the annihilation 
baſon was left to ſtand ſtill. Or like a Pendulum, which having been 3 
put in motion by the hand, continues to make ſeveral vibrations with- : 
out any new impulſe. 72 | 2 5 
3o. When the Moon is in the Equator, the Tides are eany high The lunar 
in both parts of the lunar day, or time of the Moon's revolving fi 75 _ 


the Meridian to the Meridian again, which is 24 hours 48 ming 1 


But as the Moon declines from the Equator towards gither Pole, the heights in * 
Tides are alternately higher and lower at places having North or ſouth — 25 
Latitude. For one of the higheſt elevations, which is that under te 
Moon, fotlows her towards the Pole to which ſhe is neareſt, and the 
other declines towards the oppoſite Pole; each elevation deſcribing 
parallels as far diſtant from the Equator, on oppoſite ſides, as the Moon 
declines from it to either fide; and conſequently, the parallels deſcribed 
by theſe elevations of the water are twice as many degrees from one an- 
other, as:the:Moon is from the Equator ; increaſing their diſtance as'the 
Moon increaſes her declination, till it be at the greateſt, when the iid 
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PLATE IX. 


mm A 37 


parallels are, at a mean ſtate, 45 degrees from one another: and on 
that day, the Tides are moſt unequal in their heights. As the Moon 
returns toward the Equator, the parallels deſcribed by the oppoſite 
elevations approach towards each other, until the Moon comes to the 


Equator, and then they coincide, As the Moon declines toward the 


parallel in the other part of the lunar day, which it's oppofite/elevation 


deſcribed before. Whilſt the Moon has north declination; the greateſt 
Tides in the northern Hemiſpliere are when ſhe is above the Horizon; 
and the reverſe whilſt her declination is fouth. Let NES, be the 


Fig · Ill, V. v. Earth, NG & its Axis, E Q the Equator the Tropic of Cancer, 


t the Tropic of Capricorn, a6 the arctid Circle, cd. the antarctic, V 
the north Pole, S the ſouth Pole, M the Moon, F and G the two 


eminences of water, whoſe loweſt patts are at à and d (Fig. III.) at 


N and 8 Fig. IV.) and at 5 and 4 (Fig. V.) always go degrees from 


the higheſt. Now when the Moon is in her greateſt north declination 


at M, the higheſt elevation G under her, is on the Tropic of Cancer, 
7, and the oppofite elevation Fon the Tropic of Capricorn FW; and 


_._. theſe two elevations defcribe the Fropics by the Earth's diurnal rotation. 
All places in the northern Hemifphere EN have the higheſt Tides 


_ when they come into the poſition „, under the Moon; and the 
_ loweſt Tides when the Earth's. diurnal rotation carries them into the 
pofnion 42 T Z, on the ſide oppoſite to the Moon; the reverſe: happens 


at the fame time in the ſouthern Hemiſphere E S N, as is evident to 


fight. | The Axis of the Tides 4 Cd has now it's Poles @ and d (being 


always go degrees from the higheft clevations) in the arctic and 
antarctic Circles; and therefore it is plain, that at thefe Circles there is 
but one Tide of Flood, and one of Ebb, in the lunar day. For, when 


the point @ revolves half round to 5, in i 2 lunar hours, it has a Tide 


Fig. VI. 


cf Flood; but when it comes to the ſame point à again in 12 hours 


more, it has the loweſt Ebb. In ſeven days afterward, the Moon M 


cores to the equinoctial Circle, and is Over the Equator EQ, when 
both clevations deſcribe the Equator ; and in both Hemiſpheres, at 


equal diſtances from the Equator, the Fides are equally high in botlr 
parts of the lunar day. The whole Phenomena being reverſed, when 
the Moon has fouth declination, to what they were when her declina- 
tion was north, require no farther deſcription. o. | 
305. In the three laſt-mentioned Figures, the Earth is. orthogra- 


 phically projected on the plane of the Meridian; but in order to de- 


ſcribe à particular Phenomenon, we now project it on the plane of the 
Ecliptic. Let HZ O N be the Earth and Sea, FED the — 


3 | 
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che Tropic of Cancer, C the arctic Circle, P the north Pole, and the 
_ Curves 1, 2, 3, &c. 24 Meridians, or Hour-circles, interſecting each 
other in the Poles; AG M is the Moon's Orbit, S the Sun, M the When both 
Moon, Z the Water elevated under the Moon, and NM the oppoſite 71% are e- 
equal Elevation. As the loweſt parts of the Water are always go de- ” 9 | 
grees from the higheſt, when the Moon is in either of the Tropics (as they arrive at 
at M) the Elevation Z is on the Tropic of Capricorn, and the oppofite ard Hire. 
Elevation N on the Tropic of Cancer, the low-water Circle H C O and vice verſa. 
touches the polar Circles at C; and the high- water Circle ET P6 goes 
- over the Poles at P, and divides every parallel of Latitude into two 
equal ſegments. In this caſe the Tides upon every parallel are alter- 
nately higher and lower; but they return in equal times: the point 7, 
for example, on the Tropic of Cancer (where the depth of the Tide 
is repreſented by the breadth of the dark ſhade) has a ſhallower Tide 
of Flood at T than when. it revolves half round from thence to 6, 
according to the order of the numeral Figures; but it revolves as 
ſoon from 6 to T as it did from T to 6. When the Moon is in the 
Equinoctial, the Elevations Z and N are transferred to the Equator 
at O and H, and the high and low-water Circles are got into each 
other's former places; in which caſe the Tides return in unequal times, 
but are equally high in both parts of the lunar day: for a place at 1 
D (ads D) revolving as formerly, goes ſooner from 1 to 11 (under F) 
than from 11 to 1, becauſe the parallel it defcribes.is cut into unequal 
ſegments by the high-water Circle HC O: but the points 1 and 11 be- 
ing equidiſtant from the Pole of the Tides at C, which is directly under 
the Pole of the Moon's Orbit AG A, the Elevations are equally high 
in both parts of the day. „ 5 e 


306. And thus it appears, that as the Tides are governed by the 
Moon, they muſt turn on the Axis of the Moon's Orbitz which is 
inclined 23 degrees to the Earth's Axis at a mean ſtate: and there- 
fore the Poles of the Tides muſt be ſo many degrees from the Poles 
of the Earth, or in oppoſite points of the polar Circles, going round 
theſe Circles in every lunar day. It is true, that — Fig. IV, 
When the Moon is vertical to the Equator E C9, the Poles of the 
Tides ſeem to fall in with the Poles of the World M and S: but 
when we conſider that F HG. is under the Moon's Orbit, it will ap- 
pear, that when the Moon is over H, in the Tropic of Capricorn, the 
north Pole of the Tides (which can be no more than go degrees 
from under the Moon) muſt be at c in the arctic Circle, not at N, 
the north Pole of the Earth; and as the Moon aſcends from H to G 
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Of the Tides. | | 
in her Orbit, the north Pole of the Tides muſt ſhift from £ 


to à in the arctic Circle, and the fouth Pole as much in the ant- 


It is not to be doubted, but that the Earth's quick rotation brings 


| the Poles of the Tides nearer to the Poles of the World, than they 


would be if the Earth were at reſt, and the Moon revolved about 
it only once a month; for otherwiſe the Tides would be more un- 
equal in their heights, and times of their returns, than we find they 


are. But how near the Earth's rotation may bring the Poles of it's 


Axis and thoſe of the Tides together, or how far the preceding Tides * 


To know at 
what times 
we may ex- 
pect the 
eateſt and 
aſt Tides. 


may affect thoſe which follow, ſo as to make them keep up nearly to 
che ſame heights, and times of ebbing and flowing, is a icky more 
fit to be ſolved by obſervation than by theory. Ed 5 


307. Thoſe who have opportunity to make obſervations, and chooſe 
to ſatisfy themſelves whether the Tides are really affected in the above 
manner by the different poſitions of the Moon, eſpecially as to the 
unequal times of their returns, may take this general rule for know- 
ing when they ought to be ſo affected. When the Earth's Axis in- 


clines to the Moon, the northern Tides, if not retarded in their paſſage 


through Shoals and Channels, nor affected by the Winds, ought to be 
greateſt when the Moon is above the Horizon, leaſt when ſhe is be- 
low it; and quite the reverſe when the Earth's Axis declines from her: 


but in both caſes, at equal intervals of time. When the Earth's Axis 


inclines ſidewiſe to the Moon, both Tides are equally high, but they 
happen at unequal intervals of time. In every Lunation the Earth's 


Axis inclines once to the Moon, once from her, and twice ſidewiſe 


to her, as it does to the Sun every year; becauſe the Moon goes 


round the * every month, and the Sun but once in a year. In 


Summer, the Earth's Axis inclines towards the Moon when New; 
and therefore the day - tides in the north ought to be higheſt, and 


night-tides loweſt about the Change: at the Full the reverſe. At 


the Quarters they ought to be equally high, but unequal in their 
returns ;- becauſe the Earth's Ak then inclines fidewiſe to the Moon. 
In Winter the Phenomena are the ſame at Full-Moon as in Summer 
at New. In Autumn the Earth's Axis inclines fidewiſe to the Moon 


when New and Full; therefore the Tides ought to be equally high, 


and unequal in their returns at theſe times. At the firſt Quarter the 
Tides of Flood ſhould be leaſt when the Moon is above the Horizon, 


greateſt: when ſhe is below it ; and the reverſe at her third Quarter. In 
Spring, the Phenomena of the firſt Quarter anſwer to thoſe of the third 


Quarter 
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N in Autumn; and vice verſd. The nearer any time is to either 
of theſe ſeaſons; the more the Tides partake of the Phenomena of theſe 
ſeaſons ; and in the middle between any two of them the Tides are at 
a mean ſtate between thoſe of both.  _ | | 1 
308. In open Seas, the Tides riſe but to very ſmall heights in pro- Why. the 
portion to what they do in wide-mouthed rivers, opening in the Jices le | 
Direction of the Stream of Tide. For, in Channels growing nar- _ = on 
rower gradually, the water is accumulated by the oppoſition of the the Sea. 
contracting Bank. Like a gentle wind, little felt on an open plain, 
but ſtrong and briſk in a ſtreet; eſpecially if the wider end of the 
ſtreet be next the plain, and in the way of the wkkd- RR - 
Z3og. The Tides are fo retarded in their paſſage thro1gh different The Tides 
Shoals and Channels, and otherwiſe fo variouſly affected by ſtriking if Hen at all 
_ againſt Capes and Headlands, that to different places they happen the Moon. 
at all diſtances of the Moon from the Meridian; conſequently at all from the Me- 
hours of the lunar day. The Tide .propagated by the Modn ee 3 
German Ocean, when ſhe is three hours paſt the Meridian, takes 12 and why, 
hours to come from thence to Lindon-Bridge ; where it arrives by the 
time that a new Tide is raiſed in the Ocean. And therefore when 
the Moon has north declination, and we ſhould expect the Tide at 
London to be greateſt when the Moon is above the Horizon, we find 
it is leaſt; and the contrary when ſhe has ſouth declination. At 
ſeveral places it is high water three hours before the Moon comes to the 
Meridian; but that Tide which the Moon puſhes as it were before 
her, is only the Tide oppoſite to that which was raiſed by her when 
the was nine hours paſt the oppoſite Meridian. | 
310. There are no Tides in Lakes, becauſe they are generally ſo The Water 
mall, that When the Moon is vertical ſhe attracts every part of them ners 
alike, and therefore by rendering all the water equally light, no 
Part of it can be raiſed hiaker than another. The Mediterranean and 
Baltic Seas ſuffer very ſmall eleyations, becauſe the Inlets by which 
they communicate with the Ocean are fo narrow, that they cannot, in 
_ lo ſhort a time, receive or diſcharge enaugh to raiſe or ſink their ſur- 
ooo ITE 
311. Air being lighter than Water, and the ſurface of the Atmo- The Moon 
| ſphere being nearer to the Moon than the ſurface of the Sea, it can- raiſes Tides | 
not be doubted' that the Meon raiſes much higher Tides in the Air — 
than in the Sea. And therefore many have wondered why the Mer- 
cury does not ſink in the Barometer when the Moon's action on the 
particles of Air makes them lighter 7 ſhe paſſes over the * 


5 
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| Why the But we muſt büßte that as theſe particles are rendered lighter, a 
man fine Ereater number of them is accumulated, until the deficiency of gra- 


is not affected vity be made up by the height of the colimn ; and then there is an 


the aerial Equilibrium, and conſequently an equal preſſure upon the N as 
Tits before; Res it cannot be affected by aerial Tides. 33 


| an CHAP. xvi. | 5 
5 age Their Number and Periods. © 


'4 1 11 Cata- 
ee Y ee, and ee E e I 


A dener. 312. VERY- [Planet ind's Satellite is "umitared | the s "A 5 
and caſts a ſhadow towards that point of the Heavens 
"which"? is oppolite to the Sun. This ſhadow is going bar. a Privation 
N * light in the ſpace hid from the Sun by” the 1 body that inter- 
PT 
Eclipſes of 313. When the Sun's k ht is ſo Wide pted by the Moon, that 
Ke on IN to any place of the Earth Sun Appears An 5 wholly covered, 
oe es he is ſaid toundergo an Eclipſe; though properly ſpeaking, it is only 
1. Eclipſe of that part of the Earth where the Moon's hadow or 
Feri bt falls. When the Earth comes between the Sum and 
5 Moon, the Moon falls into the 'Earth's ſhadow ; and having no ligbt 
| of her own, the ſiffers' a real Eclipſe from thie interception of the | 
___ ... __..., _-Sun's rays. When the Sun 18 eclipſed to us, the Moon's Habitants 
bn the fide next the Earth (if any fuch there be) ſee her adow like 
a dark ſpot travelling over e Earth, about twice as faſt as it's equa- 
toreal parts move, and the Res way 7 48 they move. | len the Moon 
is in an Eclipſe, the Sun appears eclipfed to het, total to all thoſe parts 
on which the Eatth's ſhac "4 falls, and ac as long « continuance uy they 


are in the ſhado w. CR | 
| A proof that 314. That che Earth is ſpherical (for cer In ra of ho! note 
F , _ _. the Earth from the roundneſs of — , than grains of duſt do from the 
—_ -. mr roundneſs of a common Globe) is evident from the figure of its 
=. : ſhadow on the Moon; Which is always bounded by a circular line, 
EE | : k 2s 6 2 5 the Earth is inceflantly turning it's different ſides to the 
13 | [Du 61 Fey, ſeldom Liews the: fare; Hide” fo ber in different 


1 Fil AJ; 545 N 174 — 


e a is afai OTE all 1 et ater babe rue 
e Fed 2 e beten ra. 


1 . 2 1 Ecliple, 
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Eel ſes, becauſe they ſeldom happen at. the fame "wn Were the 
Earth ſhaped like a round flat plate, it's ſhadow would only be cir- 
* cular when either of it's ſides directly faced the Moon; and more 
or leſs elliptical as the Earth happened to be turned more or leſs ob- 
. towards the Moon when ſhe is eclipſed. The Moon's different 
ſes prove her to be round, § 2543 for, as ſhe keeps ſtill the 
ſame fide towards the Earth, if that de were flat, as it appears to be, 
ſhe would never. be viſible from the third Quarter to the firſt ; and 
from the firſt Quarter to the third, ſhe would appear as round a8 
when we ſay ſhe is Full: becauſe at che end of her firſt Quarter the 
Sun's light would come as ſuddenl # on all her fide next the Earth, 
as it does on a flat wall, and 80 0 as pu at the end of her 
N uarter. : 
f the Earth and gun were b big, the Eatth's ſhadow And that the | 
— MEH be infinitely, extended, and all of the fame. bulk; and the 2 is 3 
Planet Mars, in either of it's Nodes and op ooſite to the Sun, would be n ho Earth, 
_ eclipſed in the Earth's ſhadow. © Were the Earth bigger than the and the Moon 
Sun, it's ſhadow would increaſe in bulk the farther it extended, and much leſs. 
would eclipſe the great Planets Jupiter and Saturn, with all their 
Moons, wfien they were oppoſite to the Sun. But as Mars in oppoſi- 
tion never falls into the Earth's ſhadow, although he is not then above 
442 millions of miles from the Earth, it is plain that the Earth is much 
leſs than the Sun; for otherwiſe it's ſhadow could not end in a point 
at fo ſmall a diſtance; If the Sun and Moon were equally big, the 
Moon's ſhadow. would go on to the Earth with an equal boca, and 
cover a portion of the Earth's ſurface more than 2000 miles broad, 
eyen if it fell directiy 284 ainſt the Earth's enter, as Teen from the | 
' Moon: and much more if it fell ' obliquely” on the Earth: but the 
Moon's ſhadow is ſeldom 150 miles broad at the Earth, unleſs when 
it falls very obliquely on the Earth, in total Eclipſes of the Sun. In 
annular Eclipſes, the Moon's real ſhadow ends in a point at ſome _ 
© diſtance from the Earth. The Moon's ſmall diſtance from the Earth, 
and the ſhortneſs of her ſhadow; prove her to be leſs than the Sun. 
: And, ; as tlie Earth's ſhadow is large enough to cover the Moon, if her 
' Gameter was three times as large as. it is (which is evident from her 
| "long g continuance in the ſhadow when ſhe goes through it's center) i Ks 
p ain, that the Earth is much bigger than the Moon. | 1 
16. Though all opake bodies on which the Sun ſhines have 3 The primary "Sl 
* thi ows, yet ſuch is the bulk of the Sun, and the diftances of the Planets never ; 
- Planets, that the primary Planets can never eclipſe one another. A 1 
3 can TY my it's Ia or be eclipſed wed it; and never 
bes | but. 


— 


8 
5 


Why chere 


are ſo few 


Eclipſes. 


Lf. Ba. 


but when in oppoſition. or junction with the Son. The pr rimary 
_ Planets are very ſeldom i in 74 Coons, but the Sun and oon are 
ſo every month: whence one may imagine that theſe two Luminaries 
thoald To eclipſed every month. But there are few Eclipſes in re- 
ry of the — Hyg New and Full Moons; the rcaſbn, of which 
we ſhall now explain. , 
eine Tf the Moon's; Orbit were coincident with the Plane of the 
- Ecliptic, in which the Earth always moves and the Sun appears to 
. move, the Movers (iGo ould, ll 1 po the Katt 8 O92 hange, 
and eclipſe the Sun to ſome parts F FX n e 
Moon Would go through «Sake lic o ar ſhadow, and be 
eclipſed at every 5 * = with this difference, rs the would be to- 
tally darkened for above an hour and half; whereas the Sun never was 
above four minutes totally eclipſed by the interpoſition of the Moon. 


22 But one half of the Moon's Orbit is elevated 5+ degrees 2515 the 


Hcliptic, and the other half as much depreſſed below it: conſequent- 
ty, the Moon' Orbit interſects the Eeliptc in-two oppoſite 8 call- 


225 ons ed the Moon's Nades, as has been alre 2 Dotice of, F 28B. 


line; and if the Moon be then New, her ſhadow fal 


When theſe points are in a right line with the center of the Sun at 
New or Full Moon, the Sun, Moon and Earth, are all in a right 


upon the 
the Sun 


Farth; i Full, the Earth's ſhadow. falls upon her. 


and Moon, are more than 17 degrees from either of the Nodes at 
the time of Conjunction, the Moon is chen. e 1109. too hj 


00 low in her Orbit to. caſt any part of her ſh 


And when the Sun is more than 12 degrees from A el c Nee. 


at the time of Full Moon, the —.— an b be too high vor tc low 
In her Ordit to go th's ſhadow : and in 
PE ee nn 0 Eels. But when Noon is lefs 


than 37 degrees from either Node at the time of Connndtion, her 
. ſhadow or . Penumbra . falls more or leis. u pon the. Earth, as ſhe is 
more or: leſs within this limit . And when the fe than 12 de- 


== s from either Node at the time of Oppoſition, ſhe through 
2 „ ion of the Earth's ſhadow, as {pe . Es 


Mithin this lirnit. Der Orbit contains 360 


degrees ; of Which 1, the 
init of ſolar Eclipſes on either ſide of. No es, and 12, the limit of 
N Eclipſes, are out (yall portigns + and as the Sun, IT, paſſes 


*. This admits of lame variation : for, i in a bene, the ſolar Pan! is ; but 
+ and in perigeal Eclipſes it is 183. When the Full Mobn is incher Perig 
< wall be eclipſed 1 ſhe be within ee Node; and wee * 
Le e e the be 3 120 degrees of the Node. 
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by the Nodes but twice in a year, it is no wonder that we have ſo PLATE. K. 


many Ne and Full Moons without Eclipſes. 


To illuſtrate this, let ABCD be the Ecliptic, RS U A Circle Fig. I. 


lying in the ſame Plane with the Ecliptic, and / X Y the Moen's 
Orbit, all thrown into an oblique view, which gives them an ellip- 
tical ſhape to the eye. One half of the Moon's Orbit, as V X, is 
always below the. Ecliptic, and the other half XT above it. The 
points V and X, where the Moon's Orbit interſects the Circle RS TU, 
which lies even with the Ecliptic; are the Moons Nodes; and a right 
line, as X E V, drawn from one to the other, through the Earth's 


genter, is the EIN of the Nodes, which is carried almoſt parallel to Line of the 


itſelf round the Sun in a year. Nodes, 


If the. Moon moved round the Earth i in the Orbit RST U, which 


ZR, LET 


| E FG H, E. the line of the Nodes EX being carried Bow 22 2 
lel to itſelf, brings the point F of the Moon's Orbit in conjunction 
with the Sun at that next Change; and then tfe Moon being at /. is 
too high above the Ecliptic to caſt her ſhadow on the Earth : and as 
the Earth is ſtill moving cake the Moon at her next oppoſition will 
be at g, too far below the Ecliptic to go through any part of the 
Earth's ſhadow ; for by that time the point g will be at a conſiderable 
diſtance from the g's as ſeen from the Sun. 
When the Earth comes to F, the Moon in conjunction with the 
Sun Z is not at &, in a Plane coincident with the Ecliptic, but above 


it at Vin the higheſt part of her Orbit: and then the point & of her 


ſhadow O goes far above the Earth (as in Fig. IT, which is an edge 


view of Fig. I.) The Moon at her next oppoſition is not at o (Fig. 170 an. 


but at V, where the Earth's ſhadow goes far above her (as in Fig, , 

In both theſe caſes the line of the Nodes . Fx (Fig. EY is bout 9g 9 
degrees from the Sun, and both Luminaries are as far as poffible from 
the limits of Eclipſes. | When 
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PLATE X. When the Earth has gone half round the Ecliptic from E to G, 
che line of the Nodes VG X is nearly, if not exactly, directed to- 
Wards the Sun at Z; and then the New Moon / caſts her ſhadow P 
on the Earth G; and the Full Moon þ goes through the Earth's 
ſhadow L; which brings on Eclipſes again, as when the Earth. was | 
at E. 

When the Earth comes to H, the New Moon falls not at n in a 
plane coincident with the Ecliptic CD, but at in her Orbit below 
it: and then her ſhadow 2 (ſee Fig. II.) goes far below the Earth. 
At the next Full ſhe is not at 9 (Fig. I.) but at Y in her Orbit 54 de- 

2 5 grees above 7 and at her greateſt height above the Ecliptic C D; be- 
ing then as far as . at 7 oppo, from the Earth's ſhadow M 
(39. r 

80, when the Earch i is at E FEA G th Moon i is about her Nodes, at 
New and Full; and in her greateſt Nerth and South Declination (or 
Latitude as it is generally called) from the Ecliptic at her Quarters : 
but when the Earth is at For H, the Moon is in her greateſt North 

and South Declination from the Ecliptic at New and F all, and in the 
| Noges about her Quarters. 

The Moon's 318. The point X where the Moon's Orbit croſſes the Ecliptic is 
e and called the Aſcending Node, becauſe the Moon aſcends from it above 
Node. s the Ecliptic : and the opoſite point of interſection is called the De- 
1 ſeending Node, becauſe the Moon deſcends from it below the Ecliptic. 
Her North When the Moon is at 2“ in the higheſt point of her Orbit, ſhe 1s in 
3 greateſt North Latitude; ; and when ſhie is at * i in the loweſt point 

an of her Orbit, the i is. in her greateſt South Latitude. 
The Nodes 319. If the line of the Nodes, like the Earth's Axis, was carried 
have a retro- parallel to itſelf round the Sun, there would be juſt half a year be- 
nn tween the conjunCtions of the Sun and Nodes. But the Nodes ſhift 
nackyard, or contrary to the Earth's annual motion, 193 degrees 
Hg. I. every. year; and therefore the ſame Node comes round to the Sun 
19 days ſooger every year than on the year before. Conſequently, 
from the time that the aſcending Node X (when the Earth is at E) 
| paſſes by the Sun as ſeen from the Earth, it is only 173 days (not half 
a year) till the deſcending Node paſſes by him. Therefore, in 
Which brings whateyer time of the year we haye Eclipſes of the Luminaries about 
on the Eclip- either Node, we, may be ſure that in 173 days after ward we ſhall 
Very year than have Eclipſes about the other Node, And when at any time of the 
they would be year the line of the Nodes is in the ſituation Y G X, at the ſame 
bed ant ek time next year it will be in the ſituation 1 G's; the aſcending Node 
à motion. Having gone backward, that is, e to the order of 8 from X 
. | to 


* 


| Of Eclipfes. 
to s, and the deſcending Node from J tor; each 195 degrees. 
At this rate: the Nodes ſhift through all the ſigns and degrees of the 
Eeliptie in. 18 years and 22 5 days; in which time there would 
always be a regular period of Eclipſes, if any compleat number of 
Lunations were finiſhed: without à fraction. But this never happens; 


for if both the Sun and Moon ſhould ſtart from a line of conjunction 


with either of the Nodes in any paint of the Ecliptie, the Sun would 
perfm 1:8 annual revolutions! and 222: degrees over and above, and 
the Moon 23e Lunatiens and 85 degrees of the-2311t, by the time 
the Node came round to the ſame point of the Ecliptic again: fe 


that: the Sun would then be 138 degrees from the Node, and the 


Moan ' 85. degrees ffom the Sun. 
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320. But, in 223 mean Lunations, after the dun. Moan, and 4 period of 
 Nades, have been once in a line of, eonjunctien, they return fo Fclipfes. 


nearly to the ſame ſtate again, as that the. ſame Node, which Was 
in Conjundtion with the Sun and Moon at the beginning of the firſt 
of theſe Lunations, will be within 29“ 12” of a degree of à ling of 
conjunction with the Sun and Moon again, when the laſt gf theſe 

Lunations is compleated. And therefore, in that time, there will bs a 


regular period of Eclipſes, or return af the ſame Eelipſe, for many | 


ages.— In this period (which was firſt diſcovered. by the Chaldeans) 
there are 18 Julian years 11 days 7 hours: 43 minutes 20 ſeconds, 
when the laſt day of February in Leap-years is four times included : 
but when it is five times included, the period conſiſts of only 1B years 
10 days 7 hours 43 minutes 20 ſeconds. Conſequently, if to the mean 
time of any- Eclipſe, either of the Sun or Moon, you add 18. Julian 
years 11 days 7 hours 43 minutes 20 ſeconds, when the laſt day of 
February in Leap»ycars comes in four times, or a day leſs when it 
comes in five times, you will have the. mean time of the return of the 
fame Eclipſe. | 8 Lo . Wt 2 <1 
But the falling back of the line or conjunctions or oppoſitions of 


the Sun and Moon 28 12” with reſpe to the line of the. Nodes in 


every period, will wear it out in proceſs of time; and after that, it 
will not return again in. leſs than 12492 years.—Theſe Eclipſs of 
the Sun, which happen about the Aſcending Node, and begin to came 
in at the North Pole of the Earth, will go a little ſoutherly at each 
return, till they go quite vff the Earth at the South Pole; and thoſe 
which happen about the Deſcending Node, and begin to come in at 
the South Pole of the Earth, will go a little northerly at each return, 
lll at laſt they quite leave the Earth at the North Pole. 


x —- | 0 
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Of Eclipſes. 
N To exemplify this matter, we ſhall firſt conſider the Sun's Eclipſe 
(March 21ſt Old Stile, April iſt New Stile) A. D. 1764, according 


to it's mean revolutions, without equating the times, or the Sun's 
diſtance from the Node; and then according to it's true equated times. 
This Eclipſe fell in the open ſpace at each return, quite clear of 


the Earth, ever ſince the creation till A. D. 1295, June 13th Old 
Stile, at 12 h. 52 m. 59 ſec. poſt meridiem, when the Moon's ſhadow 
firſt touched the Earth at the North Pole; the Sun being then 17 
48 27” from the Aſcending Node.—ln each period ſince that time, the 

Sun has come 28' 12” nearer and nearer the ſame Node, and the Moon's 
ſhadow has therefore gone more and more ſoutherly.—In the year 1962, 
July 18th Old Stile, at 10 h. 36 m. 21 ſec. p. m. when the ſame Eclipſe 
will have returned 38 times, the Sun will be only 24 45 from 


the Aſcending Node, and the center of the Moon's ſhadow will fall 


a little northward of the Earth's center. At the end of the next 
following period, A. D. 1980, July 28th Old Stile, at 18 h. 19 m. 


41 ſec. p. n. the Sun will have receded back 3“ 27“ from the 


Aſcending Node, and the Moon will have a very ſmall degree of 


. fouthern Latitude, which will | cauſe the center of her ſhadow to paſs 


a very ſmall matter ſouth of the Earth's center. —After which, in 


every following period, the Sun will be 28' 12” farther back from 


the Aſcending Node than in the period laſt before ; and the Moon's 


ſhadow will go ſtill farther and farther ſouthward, until September 


12th. Old Stile, at 23 h. 46 m. 22 ſec. p. m. A. D. 2665; when 
the Eclipſe will have compleated it's 77th 3 return, and 
will go quite off the Earth at the South Pole (the Sun being then 

17 55 22 back from the Node) and cannot come in at the North 
Pole, ſo as to begin the ſame Courſe over again, in leſs than 12492 
years afterward. And ſuch will be the caſe of every other Eclipſe 
of the Sun: for, as there is about 18 degrees on each ſide of the 

Node within which there is a poſſibility of Eclipſes, their whole re- 


volution goes through 36 degrees about that Node, which taken 


from 360 degrees, leaves remaining 324 degrees for the Eclipſes to 
travel ix expanſum. And as this 36 degrees is not gone through in leſs 


than 57 periods, which takes up 1388 years, the remaining 324 


degrees cannot be ſo gene through in 
as 36 is to 1388, ſo is 324 to 12492. 511 ft 
321. In order to ſhew both the mean and true times of the 
returns of this Eclipſe, - through all it's periods, together with the 
mean Anomalies of the Sun and Moon, at each return, and the mean 
and true diſtances of the Sun from the Moon's Aſcending Node, 
„„ {| E and 


leſs than 12492 years. For, 


——— MII He. ar 


/ Edligfes, 1863 


and the Moon's true Latitude at the true time of each New Moon, 
1 have calculated the following Tables for the ſake of thoſe who may 
chooſe to project this Eclipſe at any of it's returns, according to the 
rules laid down in the 1 5th Chapter; and have thereby taken by much 
the greateſt part of the trouble off their hands. — All the times are 
according to the Old Stile, for the ſake of a regularity which, with 
reſpect to the nominal days of the Months, does not take place in the 
New: but by adding the days difference of Stiles, they are reduced to 
the times which agree with the New Stile. : 
According to the mean (or ſuppoſed equable) motions of the Sun, 
Moon, and . Nodes, the Moon's ſhadow in this Eclipſe would have 
firſt touched the Earth at the North Pole, on the 13th of June, A. D. 
1295, at 12 h. 52 m. 59 ſec. paſt Noon on the meridian of London ; 
and would quite leave the Earth at the South Pole, on the 12th of 
September, A. D. 2665, at 23h. 46m. 22 ſec. paſt Noon, at the 
completion of it's 77th period; as ſhewn by the firſt and ſecond 
Tables. | _ t 
But, on account of the true (or unequable) motions of the Sun, 
Moon, and Nodes, the firſt coming-in of this Eclipſe, at the North Pole 
of the Earth, was on the 24th of June, A. D. 1313, at 3 h. 57 m. z ſec. 
paſt Noon; and it will finally leave the Earth at the South Pole, on 
the 31ſt of July, A. D. 2593, at 10 h. 25 m. 80 ſec. paſt Noon, 
at the completion of it's 72d period; as ſhewn by the third and four: ii 
Tables. — So that, the true motions do not only alter the true times 
from the mean, but they alſo cut off five periods from thoſe of the 
mean returns of this Eclipſe. 8 : 
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— * 1 — — — — POPE — — — 3 2 0 
| TA BLE Lf The mean Time of New Moon, with the mean Anomalies of 
the Sun and Moon, and the Sun's mean Diſtance from the Moon's Aſcending 
Node, at the mean Time of each periodical Return of the Sun's Eclipſe, March | 
21/t, 1764, from it's firſt coming upon the Earth fince the Creation, till it 
falls right againſt the Earth's center, according to the Old Stile. 

1 — —— — — ß — — — —Uñ—— — 
Periodid Years Mean Time of : Suns mein Moon's men 4 Bums mean Diſt. 
cal Re-] of Mew Moon. Anomaly. Anomaly. 4 from the Node. 
turns. Chriſt. J bnch. D. di. . 8. „ „% % ene o'r will a 6 7 nf 

o r | PLITEIDI Up USES. (PHPTENT 4208s HOI: 
o | 1257 | June 2 W112 37 -2a7*. q11'4 26 31 az io 1 29 320 
1 | x295 | June 13 $4 52 $9 | 11 28 27 35 22 &o 0 10 17 46-27 
21313 Jai 23 20 56 19 © 8 57 35 [ 1 20 48 56} © 1 120 n 
3 | 1331 ] July 5 4 19 245 29 27 32 1 17 57 38] © 16 52 2 
4 | 1349” jy "= T2 2 59 O 29 57 29 1 15 6 to}'o 16 23 50 
5 1 July 25 19 46 19 1 Wo #7: 45 4 12 14-47 o 15 55 37 
o | 1385 * 6 3 29 39 1 20 57 23| 1 2.9 o 15 N MF 
7 1403 27 12. 12 5043.2 2 27.20] 1 32. 0 14 £9. - 12 
8 | 14915 Avg. 27 18 56 19 » 5 1 3 0 . 
1 14270 Sept. 2 A 39 39] 2 22 % 1; 1 '0 "49 N * 147, 
o | 1457 | Sept. 10 2 59 ie „ . 3 
11 —4 on 29 18 6 19 34 27 8] 0 IC” "0 o 13 % 22 
12 193 aA. 10 1 49 390 3 43 % 5] o 2 i bf © uz 38 9 
))) 2.9%} 4i + Þ *q-2 Q 3, d 4 :9 of) 
4 | 9 108K" 4: 17 46 19-1 4.14 55 46&y-5 15. 3a f20J]-o ir It. 45 
15 | thi] Noe. 12 © 407] 4 25 16 36% O 13 40 8 13 32 
16 [1565 ] Nov. 22 8 43 . f 5 36 537] © 10 49 o 10 5 20 
i 17 | ic83 4 Dec. 3 16 26 20 | < -16 26, col O 7 58. „ 
18 1807 Det. 24 o H 40 5 26 56 47 3 n 
19 | 1619 | Dec. 25 7 53 o| 6 7 26 444% % =. 3 © ig 126 42. 
20 | 1638 | Jan. 4 15 36 20] 6 17 56 41 [1 29 24 e '8 52 30 
21 | 1656 | Jan. 15 23 19 4o | 6 28 26 38 | 11 26 32 © $: 24 17 | 
JJ -P oj; 8:56:35] 11 23 41 8 4 5 
23 | 1692 | Feb. 6 14 46 20 7 19 26 32 | 11 20 49 0 7.87: 438 
24 | 1710 | Feb. 16 22 29 40 7 29 56 29 | 11 17 58 9 1 
e 10-26 26} 16 7 31 
26 | 1746 | Mar. 10 13 56 20] 8 20 56 2311 12 15 11 
27 | 1764 | Mar. 20 21 39 4099 1 26 2011 9g 24 1 
2 JT „ 9 1156 17 fin 33 5 of 
29 | 1800 | April 11 13 201-92: 26: 14 | 11 3 41 8 4-33 $7 
30 | 1818 | April 22 20 49 4o|1o 2 56 11i[1rt © 50 o 4 10 25 
31 | 1836 „ wo 13" 86 8] wo 2&7 „„ 
32 | i854 | May 24 12 16 2010 23 56 510 25 7 9 43-44 8 
33 | 1872 | May 24 19 59 4o' fi 4 26 210 22 16 0344 47 
34 | 1890 | June 5 3 43 of11 14 55 59 | 10 19 24 6 # 37 35 
35 | 1908 — J 3610 16 „„ 
36 | 1926 | June 26 19 9 40 0 5s 3310 1 41 1 1 10 
37 | 1944 | July » $3, 01 0. 146 25 co 0 10 $0 1 
es eee 26 55 47 fro 7 59 „ „„ 
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' 
[TABLE II. The meu Time of New Moon, with the mean Anomalies of 
the Sun and Mom, and the Sun's mean Diſtance from the Moon's Aſcending | 
Node, at the mean Time of each periodical Return of the Sun's Eclipſe, 
March 2 , '17by, from the mean Time of it's falling right againſt the | 
. Karth's center, Till it finally leaves the Earth, according to the Julian or 
Old Stile. N | e 
Ty rn Mean Time of New | Sun's mean Ano- [Moon's mean Ano-{| Sun's mean Diſt. | 
3 „ Meon. | | maly. a | from the Node. 
W Month. D. H. M. $4 8s o „ „ 
29 198 July 28 18 19 4141 7 21 29 56 33 
nn e qo 21% 167 275% 11 29 28 20 
; 41 2076 Aug. 19 9 46 21] 1 28 25 38 9 2g 24 59% 11 29 o 8 
| 42 2034 Zug. 30 17 29 41] 2 8 55 36] 9 25 33 36-41 28 31 55 
41 2053 Sept. 0 1 13 17] ½ 19 25 334 9 23 42 13 [1 28 3 43 
| 24 ' 2070 Sept. 21 8 56 21] ia 29 55 324] 9 20 50 50 |U1 j27 35 30 
| 45- 4 2088 OA. u 16 39 41 tz 10 25 27 T 9 T7 % ½ il 7 18 
46 2166 Oct. 13 o 23 14 3 20 55 24 | gt, | 8+ 4 js 0 5 
; 47 | 2124 Od. 33. 85 6-21] KH 1 25 219 9 12 16 4 [18 6 10 53 
48 2142 | Nov. 3 15 49 417] 4 21 55 18] 9g 9 28 1811 f 42 40 
49 216 Nov. 3 223 31 14 Kl 22 25 15Y 9 5 33 5611 j25 14 28 
e rr. 8 
51 2196 Dec. 3 // | $565 216 [GS 15 
 g2 2214 Dec. 15 22 43 19 5 a oo: 24% 8 59 47 | It 123 49 50 
53 2232 Dec. 61 26019 4 we” a © By 241 j23 21 38 
$4 +| 2251 | Jan. r d 06 £5 5 
' o$- | 2269 | lan. 1+ 21 53 1% 6 25 +24 587] 8 1 25 38 [In Jaz 15 13 
56 2287 Jan. 5 36 210 7 , $7 © 
5 2365 b. 13 19 41 J 7 46 24 524: 8 1 42 53 [11 jan 28 48 
58 ] 2323 | Feb, 19 21 3 1 7 26 54 49] 8 1 51 29 1% 1 © 35 
59 2341] Mar. 2 4 46 215 7 a4 S 32 33 
60 | '2259 | Mar. th #2 29 42] B 17 54 43] 8: 5 8 43] 11 Ro 4 10 
61 [2377 | Mar. 2g 20 13 24] B 28 24 40] 8 2 17 2611 ng 35 58 
{ 69. 72398 | Pr. , / [RO 48 
63 | 2413 Apr. 14 41 39 424] þ' 19 24 34] 7 25 34 34|11 18 39 33 
64 1 2431 | Apr. 25 29 23 2 589 54 % 7: „ [20 hf 24 20 
$3 | 2449 May 6. 3 6 2210 40 24289 7 20 51 4s 1.74 BE 43 $8 
{ 2457 | May 17 10 49 424] 10 20 54 25| 7 18 o 25|11 17 14 54 
67 1 2495 | Ma 3 as 33 24m 1 24 22] 7 15 9 1 46 43 
68 | 2503 | June 2:46: 227 18:41 54 19 7 12:17 30 | #2 (6 18 320 
69 2521] Jane 16 9 59 42] 22 24 17] 7 '9 26 16 11 a5 50 18 
70 | 2539 | Jane” 2p 17 4 2] © 2 54 14] 7 © „% 53 12 35 22 6 
71 125 J 18 1 26 22 0:73 7 , 160000 £46 
72 2575 ay 21 9 9 42] % 23.54 8] 7 © 5 '2] 14 ns 25 41 
73 | 2393 | July 31 46 53 2] 1 4 24 5| 6 28 » 44|11 13 57 28 
74 | 2651 | Aug. 1 o $6 22 n 14:54 2 6 5 9 21 | 14 bg 29 16 
75 erg.. Aug. -22 8 1g 427] 1 5 23 59 6-22 17 58| 11 13 1 3 
76 22647 Sept, 2 16 3 2] 2 f 53 56 6 19 26 '35 | 11 12 32 51 
77 2665 dert. 122 5223 46 22 2 16 23 53] 6 6 ' 55 +12] #1" 12 4 38 
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TABL E III. Jie Ge m. 2 New Moon, with the Sun | 
true Diſtance from the Moon's Aſcending. Node, and the Moon's | 

i true Latitude, at the true Time of each periodical Return of the | 

Sun's Eclipſe, March 21/t, Old Stile, A. D. 1764. From the | 

Dime of it's firſt coming upon the Earth Ance the , e 158 i | 

Fall. right againſt the Earth's center, 0 
f 
ie True Time of New | [Sun s true Diſtance Moon 8 true Latitude, | 

ER . Moon. ou the Node... North. wy 

mn * Month. D. H. M. 8. Ss. "Df we? 1 PPM Te, Nor. 
— 5 RS—— , —— — — . 

3 1295 June 13 | 21. 547 32} ©: 18 4 54. L 1-33 | 45 A- | 
1 | 1313 | June 24 3 57 ] © 17, 20 22] 1 29 34 N. A. 
2 | 1331 | July 5 10 42 8 o 16 29 38 I 25 20 N. A. 

3 | 1349 | July. 15 17 14 156 © 15 34 18-] 1. „ 45 N. A.. 

4 | 13 July 26 23 49 24] O 14 46 8{ 1 16 22K A. } 

5 1385 | Aug. 6 6 41 17] o 13 59 43] 1 12 43 N. A. | 

6 1 2403 f Aug., . 1; 32 19 d 23. 16 4 1 9 3 N. A, 
2 | 1424 | Aug. 2 20 30 17% ©, 12 37 4 1. 3 42 N. A. 

8 | 1439 | Sept. 8 3 51, 46% O 12 1 54 1 2 41 N. A. 

1 9 | 1457 | Sept. 18 10 23, 11] o 11 30 27] o 38 53 N. A. 
10 | 1475 | Sept. 29 17 57 7] o 11 3 56] O 57 43 N. A. | 
326 0s. w.;; 1:44. 34 e, i 5584. Q: $8148 N. þ 
12 | 1512 | Of. 21 9 29 53] ©, 10 25 11] o 54 28 N. A. 
13 | 152g | Ot. 31 17 9, 18] o, 10 11 27] © 53 12 N. A. 
14 | 1547 | Nov. 12 O 51 25 | O 10 1 10 oO 52 19 N. A. 

| 1 1565 | Nov. 22 8 54 56] ©, 9 52 494 0..51 46 N. A. 
15 | 1583 | Dec. 3 16 48 17] 9 48 4] . 51 11 N. A. 
19 | 2692 | Dec... 14 O 51. 54 © 9 43: 424: 0.0 49 N. A. | 
18 | 1619 | Dec. 25 8 54 59] o 9 10 23 ©o..50 31- N. A. | 
$9 -1-2648 | Jan. 4.26; 50.14 b 9: 34:57 hh „e N. A. 

20 | 1656 | Jan. 16 o 34.41] O 9 29. 24 0-49 57 N. A. 

J 21 | 1674 | Jan. 26 8 48 244.0 9 19 44 |: 0 48 44 N. A. 

22 | 1692 | Feb. 6 16 36 284] o 9 581 0. 47 49 N. A 

T 23: | 1710 | Feb. 175 o 8 374 . 8 54 20] 0. 46 44 N. A. 
24 | 1728 | Feb. 28 7 43, 40] 0 8 34 53]; 0:44 52 N. A. 
25 | 1746 | Mar. 10 15 14,.334 © 8 10 38]. 0 42 46 N. A. | 
26 | 1764 | Mar. 20 22 30 26] © . 7 42 14] o 40 18 N. A. |. 
27 | 1782 | Apr. 1 5 37 4] © 7 9 27| o 37 28 N. A. 

[ 28 | 1800 | Apr. 11 12 36, 38] ©. 6 35 30] O 34 31 N. A. | 
209 |. 1818 | Apr... 23 19 27 34 b. 5 51:48} 0::30 43 N. A. 

30 | 1836 | May ie Þ-.5 5 51 0 26 40 N. A. 
31 | 1854 ] May 14 8 50 400 4 19 45 o 22 42 N. A. 
32 | 1872 | May 24 15,28, 25} 3 25 3 0:18 1 N. A. 

i $3 { nnco | ine. 4 22;..8-:.04 0-.2:.35: 51: 0-13 ' 34; N. A. 

i 36 {2008 | Jane 216. 4.33.23] ©. 1.41 43 d 54 N. A. 

3 [2926 4 June 26 11-33 5% 0 47 384: 0 4 ie N. A. 

On account of the differences between the mean and true New Moons, and 
between the Sun's mean and true Diſtances from the Node, the Moon's ſhadow falls 
even with the Earth's center two — ſooner in this Table than in the firſt, 

TABLE 


— — —— 2 Z— — 


* On 25. 167 
— ä —U — — — mr rn nmr - , 
[TABLE I | 
J. E V. De rue Time of New Mes, 1th the Sun's | 
ue Diſtance from the Moon's Aſcending Node, and the Moon's | 
true Latitude, at each ry odical Return of the Sun's Eci pſe, 
1.5 March 2 ½, Old Still, A. D. 1764, from it's falling ng | 
| Againſt the ag, o_ till it La | leaves the Eartb. | 
korean ft op | True, Time of New Sun' eee Moon's true Latitude, 
2 TT” Moon. from the Node. | South. 
Furns, nen. Manas D. HM. S.F3 .@:4: „ hs 
5 36 | 19 | Jul 8 N 0 28 „ 
944 July 17 50 3 1 29 $$] 0 „ 
37 | 1962 | July is o 31 38 11 2 _ x1 -S:--6 . 8. A. 
38 f 1980 | Jaly 28 7 18 53 ii 28 11 32| 9 29. 8. A. 
39 | 1998 | Aug. 8 14,12 22 | 1: 27 26 41] 0 13 25 8. A. 
40 2016 Aug. 18 21 14 53 [11 26 42 16] o 17 18 8. A. 
1 | 2034 | Aug. 30. 4 25 45 $11 26 2 ] © 20 48 8. A. 
| 42 | 2052 | Sept. 'g 11 45 17 | 1. 25 26 46| o 23 53 S. A. 
" 43 | 2070 | Sept. 20 19 17 26-| it 24 55 4 0 26 39 8. A. 
' |-:44 j 2088 }] Ot... in. 2 57. $[ 12 24.27 43 | © 28 +58 hn 
þ 45 {4 2106] Oct. 12 10 47. 39 1124 4 '301..0-.31..4;-A 4 
L 46 | 2124 Oct. 22 18 37 4o| 11 -23, 48 28 o 32 26 S. A. 
4 47 | 2142 | Nov. 3 2 56 1911 23 35 16] © 33 53 S. A. 
; 48 | 2160 | Nov. 13; 11 3: 20 | 11 23 22 22| © 34 42 SA. 
49 | 2178 | Nev. 24 19 36 14f 11 23 18 57 | 3 -o KA 
50 2196 Dee. 5 1 4 3 ini 3 14 15 o 35 2 . 
51 | 2214 Dec. 16 12 35 48 $11. 23 10 43 © 35 43 8. A. 
52 2232 Dec. 26 20 29 9% 24 6 47 35 1 S.A. þ 
e 7 5: 4z 91311 23 4 3 | © 16: 10 KA 
54 | 2260 | Jan. 17 14 14 8j ut. 23 © 43 | © 36-35 oa. 
+ 55 | 2287 Ir 29 22. 13 34 | 11 22 33 58 ©. 37 10 S. A. 
55 | 2305 | Feb. 8 7 30 | 11 22 44 44| © 37 59 S. A. 
1 57 [ 2129 | Few.” I9 its 104 12: 22 3h: 8 0 39 8 S. A. 
5s |2341 Mar. 2 0 6 5 1 22 17 46 0:40 28 SA. 
322359 7 3 709% Nr i 5. 72 0 42 9 $4. 
„ 2373 r 46 4. ©. 03 45 $a 
61 | 2393 [Apr. 3 23 45 741120 o 53 0 46 58 S. A. 
62 | 2413 | Apr. 14 7 32 40 20 26 22 % 4 8 , 
1 63 | 2431 + an} TTT 17 S. A. | 
64 . 2449 | May „ 22 45 N ir 1 8 22 | © 36 50 8. A. 
65 | 2467 | May 17 6 12 30 1 18: 21 16] . 40 S. A. 
+ &..| 3485, | May 27:13 46 291.14 7, 34,990. 0 4.49 4 
. 67 2503 n nn 0-W W 
68 25a une 4 24 12 [ir t5 51 48 © 4 26 8. A. 
4:09 ee e eg 31; e n ee eee ee S. A.” 
70 | 2657 | July 9 19 24 7 14 9 13Þ o 22 5 S. A. 
71 | 2575 | July 21 2 52 34 11 13 19 22] o 26 16, 8. A. 
72 | 2593 | Joly 31 10 25 31 1 12 13 43% 31 44 SA. 
1428 2611 Aug. i 19 0 20 43 11 45 13. o a6 13 SA. 
By the true Motions of the Sun, Moon, and Nodes, this Ecli A s off the | \ 
Earth four Periods fooner than' it would have done by mean. equa otians. © | 
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168 _—  j a Eclipſe 


From Mr. G. © Fo iHuſtrate are eng father we den cee ggf rr 


ſertation on 


Surrs's diſ- ee the moſt remarkable circummſtances of the returns, of, the 
Eclipſes, *©* which happened "Fuly 14, 1748, about noon. This Eclipſe, 5 er 


printed at © traverſing the voids of ſpace from the Creation, ab laſt began to enter 


Owe 22 e“ the Terra Auſtralis Incognita, about 88 years alter the Con ueſt, 


year 1748. © which was the. laſt of King STepnen's. reign; eye * Chaldean 


22 it has crept more northerly,” but was tit inviſible in Britain 

| year-1622 3 when on the goth of April it began to toueh | 

3 the Hoch parts of England about 2 in the afternoen; it's central ap- 

1 pearance riſing in the American South Seas. and traverſing Peru and 

« the Amazon's country, through the Atlantic ocean into , and 

40 23 * the en e S not far 1 the beginning of 

e ea: 

* T's next vifible period: was after hee Chalde evolu 6055 in 10 76, 

e on the firſt of June, riding. central. in dollar reve ocean, paſſing 

<c * us) about 2 in the: morning; with. four * Digits eclipſed 2 the 

| nder. limb and Fig in. the (gulf. of. Kenn, in che al 

0 1 : 42 11 

( It -BY now nett che Sofftice, this eh fc was viſtble the very 

& bert return in 1694, ig. the evebing is two periods more, 

which wes in 17 o, on the eons ins wt above half eclipſed 

Soft after Sun. fe 1 and hiſcrred bath at Wirtemberg in Germany, and 
ein in Ching, - Sa, after which it went off. 


'S Ei n aboard iis the Belph which ll onthe r4th 


<« of | 
1 next viſible, return will Hh n: Juy 25, 1766, in the 
t evening, _— four Digits eclip Land 1 two periods more, on 
ce Auguſt 16th, 1802, early in the morning, about five Digits, the 
* center. coming from the north fioꝛen continent, by the capes of 
„ Norwey, through Tartary, Cling, and Japan, to the, Aurone iſlands, 
<< where it goes off, | 
« Again, in 1820, Auguſt 16. betwixt one and . there will 
ide another great Eclipſe at Londpn, about 10 4 7 2 hap- 
ng ſo near the Equinox, the center will leave every part of 
« Braces 6 the W Welt, and enter (Germany at 'Embden, log by 
« that © Naples, Grand Lane ia bo ſet in the pry * 1 near 

20 city. 5 


5 The above period of 18 years 11 days 67 hour 43 minutes 20 ſeconds which was 
found out. by. the Chaldeans, and by them Saros. | 


rr of. the fep.o Mans | 
75 1 


ce 


Of Exlipſer. 


ee It will be no more viſible till 1874, when five Digits will be 
obſcured (the center being now about to leave the Earth) on 
September 28. In 1892 the Sun will go down eclipſed at London, 


and again in 1928 the paſſage of the center will be in the expanſum, 


though there will be two Digits eclipſed at London, October the 3 1ſt 


of that year; and about the year 2090 the whole Penumbra will 
be wore off; whence no more returns of this Eclipſe can happen 


till after a revalution of 10 thouſand years. | 
“ From theſe remarks on the intire revolution of this Eclipſe, we 
may gather, ' that a thouſand years, more or leſs (for there are 


{ome irregularities that may protract or lengthen this period 100 


years) complete the whole terreſtrial Phenomena of any ſingle 


Eclipfe : and ſince 20 periods of 54 years each, and about 33 days, 


comprehend the intire extent of their revolution, it is evident that 
the times of the returns will paſs through a circuit of one year and 


ten months, every Chaldean period being ten or eleven days later, 


and of the equable appearances about 32 or 33 days. Thus, 
though this Eclipſe happens about the middle of Ju), no other 
ſubſequent Eclipſe .of this period will return to the middle of the 
ſame month again; but wear conſtantly each period 10 or 11 days 
forward, and at laſt appear in Winter, but then it begins to ceaſe 


* from affecting us. 


© Another concluſion from this revolution may be drawn, that there 


© will ſeldom be any more than two great Eclipſes of the Sun in the 
Interval of this period, and theſe follow ſometimes next return, and 
often at greater diſtances. That of 1715 returned again in 1733 


very great; but this preſent Eclipſe will not be great till the arrival 


of 1820, which is a revolution of four Chaldean periods: fo that the 


irregularities of their circuits muſt undergo new computations to 
aſſign them exactly. 
Nor do all Eclipſes come in at the ſouth Pole: 7hat depends alto- 


* gether on the poſition of the lunar Nodes, which will bring in as 
many from the expanſum one way as the other; and ſuch Eclipſes 


will wear more ſoutherly by degrees, contrary to what happens in 
the preſent caſe. | Pg fy” ; FS 


Ihe Eclipſe, for example, of 1736, in September, had it's center 


in the expanſum, and ſet about the middle of it's obſcurity in Bri- 
tain; it will wear in at the north Pole, and in the year 2600, 


or thereabouts, go off into the zxpanſum on the fouth fide of the 


« Earth, 


Z 5 e. The 
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170 Of Eclipfes. 
| *The Eclipfes therefore which happened about the Creation are 
little more than half way yet of their ethereal circuit; and will 
| * be 2000 years before they enter the Earth any more. This grand 

„ revolution ſeems to have been entirely unknown to the antients. 
Why our pre- 322. It is particularly to be noted, that Eclipſes which have hap- 
— << pened many centuries ago, will not be found by our preſent Tables 
with antjent to agree exactly with antient obſervations, by reaſon of the great 
obſervations. © Anomalies in the lunar motions ; which appears an inconteſtable 
<<. demonſtration of the non- eternity of the Univerſe. For it ſeems 
"m_ _ undeniable proofs, that the Moon now finiſhes her 
period in tefs time than formerly, and will continue by the centri- 
* petal. law to approach nearer and nearer the Earth, and to go ſooner 
and ſooner round it: nor will the centrifugal power be ſufficient to 
<"-compenfate the different gravitations of fuch an aſſemblage of bodies 
cas. conftitute the folar ſyſtem, which would come to rum of itſelf, 
7 * ſome new regulation and adjuſtrment of their original mo- 
FTnarzs's 5 323. « We are credibly informed from the teſtimony of the an 
Lelpſe. “ tients, that there was a total Eclipſe of the Sun predicted by TALES 
| to happen in the fourth year of the W ative ox 
| | US NY phe 60 -7;s. 


f pere are 'two-antient Eclipſes of the Moen, recorded by Prolmy from Hippartbus, 
which afford an undeniable proof of the Moon's acceleration. The firſt of theſe was 
obſerved at Babylon, December the 22d, in: the year before CHRIST 383: when the 
Moon began to be eclipſed about half an, hour before the Sun roſe, and the Eclipfe- 
was not ver before the Moon ſet : but by moſt of our. Aſtronomical Tables, the Moon 
was ſet at Babylon half an hour before the Eclipſe 3 in which caſe, there could 
have been no poſſibility of obſerving it. The ſecond Eclipſe was obſerved at Aluran- 
Aria, September the 22d, the year: before CHRIST 201 5: where the Moon roſe ſo. 
much eclipſed, that the Eclipſe muft have begun about half an hour before ſhe roſe: 
whereas, by moſt of our Tables, the beginning of this Eclipſe was not till about 10 mi- 
nates after the Moon roſe at Alexandria, Had theſe Eclipſes begun and ended while the 
Sun was below the Horizon, we might have imagined, that as the antients had no 
certain way. of meaſuring time, they might have be en ſo far miftaken in the hours,. 
that we could not have laid any ſtreſs on the accounts given by them. But, as. in the. 
firſt Eclipſe the Moon was: fet, and confequently the Sun. riſen, before it was over; 
and in the ſecond Eclipſe the Sun was ſet, and the Moon not riſen, tilt ſome time after 
it began; theſe are ſuch circumſtances as the obſervers could not poſſibly be miſtaken in. 
Mr. Struyt in the following Catalogue, notwithſtanding the expreſs words of Ptolemy,,. 
puts down theſe two Eclipſes as obſerved at Atbens; where they might have been ſeen as 
bove, without any acceleration of the Moon's motion: Athens-being 20 degrees Weſt of 
abylm, and 7 degrees Weſt of Alexandria. | OSD 1 | 
F Each Olympiad began at the time of Full Moon next after the Summer Solſtice, 
and laſted four years, which were of unequal lengths, becauſe the time of Full Moon 
differs 11 days every year: ſo that they might ſometimes begin on the next day after the 
Solſtice, and at other times not till four weeks after it, The firſt Oympiad began in 
3 | * 


Of Etliffes. = 


re Sardis or Miletus in Ala, where THALESs then reſided. That year 
s correſponds to the 585th year before Cukisr; when accordingly 
there happened a very ſignal eclipſe of the Sun, on the 28th of May, 
s anſwering to the preſent 1oth of that month *, central through 
* North America, the ſouth parts of France, Italy, &c. as far as Athens, 
* or the Iſles in the Agear Sea; which is the fartheſt that even the 
Caroline Tables carry it; and conſequently make it inviſible to any 
part of Afiu, in the total character; though I have good reaſons to 
ee believe that it extended to Babylon, and went down central over that 
« city. We are not however to imagine, that it was ſet before it paſt 
* Sardis and the Afatic towns, where the predictor lived; becauſe an 
te inviſible Eclipſe could have been of no ſervice to demonſtrate his 
ability in Aſtronomical Sciences to his countrymen, as it could give 
% no proof of it's reality. | 


324. For a farther illuſtration, TavcyD1pss relates, that a ſolar Tuvcrbi- 

* Eclipſe happened on a Summer's day in the afternoon, in the firſt 2=5'sEclipte, 
<< year of the Peloponnefian war, ſo great, that the Stars appeared. 

© Ruoprus was victor in the Olympic games the fourth year of the 

* ſaid war, being alſo the fourth of the 87th Olympiad, on the 428th 

© year before CHRIST. So that the Eclipſe: muſt have happened in 

ce the 43ſt year before CR IST; and by computation it appears, that 

< on the 3d of Auguſt there was a ſignal Eclipſe which would have paſt 

* over Abens, central about 6 in the evening, but which our preſent 

* Tables bring no farther than the antient Hrirs on the African coaſt, 


the year of the Julian Period 3938, which was 57 _ before the firſt yeanof CHRIS, 
or 775 before the year of his birth; and the laft Olympiad, which was the 293d, 5 10 
A. D. 393. At the expiration of each Olympiad, the Olympic Games were celebrated in 
the Elean fields, near the river Aipheus in the Peloponneſus (now Morea) in honour of 
Jurir RR OLvmeus. See STRAUCHIUS's Breviarium Chronologium, p. 247251. 
The reader may probably find it difficult to underſtand why Mr. Sui ſhould 
reckon this Eclipſe to have been in the 4th year of the 48th Olympiad, as it was only 
in the end of the third year: and alſo why the 28th of May, in the 585th year before 
CHRIST, ſhould: anſwer to the preſent ioth of that month. But we hope the following 
explanation will remove theſe difficulties. ; | 4 ne 
The month of May (when the Sun was eclipſed) in the 585th year before the ficſt 
year of ChRIST, which was a leap-year, fell in the latter end of the third year of the 
48th Olympiad ; and the fourth year of that Olympiad'began at the Summer Solſtice fol- 
lowing : but perhaps Mr. Surrn begins the years of the Olympiad from Fanuam, in 
order to make them correſpond more readily with Julian years; and ſo reckons the 
month of May, when the Eclipſe happened, to be in the fourth year of that Ohmpiad. 
Te Place or Longitude of the Sun at that time was y 29% 43 17”, to which ſame 
place the Sun returned (after 2300 years, viz.) A. D. 1716, on May, 94 5 69 after 
noon: ſo that, with reſpect to the Sun's place, the gth of May, 1716, anſwers to the 
28th of May in the 585th year before the firſt year of ChRISH] that is, the Sun had the 
fame Longitude on both thoſe days. bY e Stu? th Þ 
0TH 1 | x « above 


= 
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E above 400 miles from Athens; which ſuffering in that cafe but ꝙ Di- 


Lc gits, could by no means exhibit the remarkable darkneſs recited by 


The number 
of Eclipſes. 


ce this hiſtorian; the center therefore ſeems to have paſt Athens about 
1 6 in the evening, and probably might go down about Feruſalem, or 
* near it, contrary to the conſtruction of the preſent Tables. I have 
only obviated thefe things by way of caution to the preſent Aſtrono- 
«© mers, in re-computing antient Eclipſes ; and refer them to examine 
« the Eclipſe of Nicias, fo fatal to the Athenian fleet *; that which 
« overthrew the Macedonian Army + Sc.“ So far Mr. SMITH, 

325. In any year, the number of Eelipſes of both Luminaries cannot 
be leſs than two, nor more than ſeven; the moſt uſual number is four, 
and it is very rare to have more than ſix. For the Sun paſſes by both 
the Nodes but once a year, unleſs he paſſes by one of them in the 
beginning of the year; and if he does, he will paſs by the ſame Node 


again a little before the year be finiſhed ; becauſe, as theſe points move 


195 degrees backward every year, the Sun will come to either of them 


173 days after the other, $319. And when either Node is within 17 


degrees of the Sun at the time of New Moon, the Sun will be eclipſed. 


At the ſubſequent oppoſition, the Moon will be eclipſed! in the other 


Node; and come round to the next conjunction again ere the former 
Node be 17 degrees paſt the Sun, and will therefore eclipſe him again. 
When three Eclipſes fall about either Node, the like number generally 
Falls about the oppoſite; as the Sun comes to it in 173 days afterward: 
and ſix Lunations contain but four days more. Thus, there may be 
two Eclipſes of the Sun and one of the Moon about each of her 


Nodes. But when the Moon changes in either of the Nodes, -ſhe 


cannot be near enough the other Node at the next Full to be eclipſed ; 
and in fix lunar months afterward ſhe will change near the other Node: 
in theſe caſes: there can be but two Eclipſes in a year, and they are 
Z SE „ | 
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326. A longer period than the above-mentioned, & 320, for comparing 
and examining Eclipſes which happen at long intervals of time, is 


557 years 21 days 18 hours 30 minutes 11 feconds ; in which time 


there are 6890 mean Lunations; and the Sun and Node meet again 
ſo nearly as to be but 11 ſeconds diſtant : but then it is not the ſame 


Eclipſe that returns, as in the ſhorter period above-mentioned. 


327. We ſhall fubjoin a Catalogue of Eclipſes recorded in hiſtory, 
from 721 years before ChRIST to A. D. 1485 ; of computed Eclipſes 
from 1485 to 1700; and of all the Eclipſes viſible in Europe from 1700 
to 1800. From the beginning of the Catalogue to A. D. 148 5 the 
Before CnRIsT 413, Augu/t 27. + Before CnRIST 168, Fune 21. 
ET „„ - Eclipſes 


Of Eclipſes. 


Eclipſes are taken from STRUYX's Introdufion to univerſal Geography, An accountof 


as that indefatigable author has, with much labour, collected them 
from Ptolemy, Thucydides, Plutarch, Calviſius, Xenophon, Diodorus 
Siculus, Tuſtin, Polybius, Titus Livius, Cicero, Lucanus, Theophanes, 
Dion. Caſſius, and many others. From 1485 to 1700 the Eclipſes 
are taken from Riccioluss Almageſt : and from 1700 to 1800 from 
L' Art de verifier les Dates. Thoſe from Struyh have all the places 
mentioned where they were obſerved : Thoſe from the French authors, 
vg. the religious Benedictines of the Congregation of St. Maur, are 
fitted to the Meridian of Paris: And concerning thoſe from Ricciolus, 
that author gives the following account. | 
e. Becauſe it is of great uſe for fixing the Cycles or Revolutions of 
FEclipſes, to have at hand, without the trouble of calculation, a liſt of 
ſucceſſive Eclipſes for many years, computed by authors of Epbemerides, 
although from Tables not perfect in all reſpects, I ſhall for the benefit 
of Aſtronomers give a ſummary collection of ſuch. The authors 1 
extract from are, an anonymous one who publiſhed Ephemerides from 
1484 to 1506 incluſive: Jacobus Ptlaumen and Jo. Steflerinus, to the 
Meridian of Ulm, from 1507 to 1534 : Lucas Gauricus, to the Lati- 
tude of 45 degrees, from 1534 to 1551: Peter Appian, to the Meri- 
' dian of Ley/ing, from 1538 to 1578: Jo. Steflerus, to the Meridian 
of Tubing, from 1543 to 1554: Petrus Pitatus, to the Meridian of 
Venice, from 1 544 to 1556 : Georgius-Foachimus Rheticus, for the year 
1551: Nicholaus Simus, to the Meridian of Bologna, from 1552 to 
15608 : Michael Maſtlin, to the Meridian of Tubing, from 1557 to 
1590 : Jo. Stadius, to the Meridian of Antwerp, from 15 54 to 1574: 
Jo. Antoninus Maginus, to the Meridian of Venice, from 1581 to 
1630: David Origan, to the Meridian of Franckforf on the Oder, 
from 1595 to 1664 : Andrew Argol, to the Meridian of Rome, from 
1630 to 1700: Franciſcus Montebrunus, to the Meridian of Bologna, 
from 1461 to 1660: Among which, Stadius, Mæſtlin, and Maginus, 
uſed the Prutenic Tables; Origan the Prutenic and Tychonic ; Monte= 
brunus the Lanſbergian, as likewiſe thoſe of Duret. Almoſt all the 
| reſt the Alpbonſine. 3 | 
But, that the places may readily be known for which theſe Eclipſes 
were computed, and from what Tables, conſult the following Lift, in 
which the years 27c/u/ive are alſo ſet down. | "2A 


} 


From 1485 to 1506 The place and author unknown. 
I 507 1553 Ulm in Suabia, from the Alpbonſine. 
. 1554 1576 Antwerp, from the Prutenic. 
- 5 From 


the following 
Catalogue of 


174 e Zalipſer. 
by From r577 to 1885 Tubing, from the Pran. 
1 1586 85 1 594 Penice, from the Pyittenic. . 
1595 1600 Franckfort on the Oar, from the Proutenie 
1601 1640 Franckfort on the Oder, from the Debonic. 


1641 1660 Bolhgna, from the Lanſbergian. : 
1661 4700 Rome, from the Thebonie.” 


So far Arctis. 


N. B. The Eclipſes tnarked with an Aﬀteriſk are not in RicctoLvs's 
Catalogue, but are ſupplied from L Art de weer, les n 


From the beginning of the Catalogue to A. D: 1500, the time is 
reckoned from the noon of the day mentioned: to the noon of the 
following day: but from 1760 to 1800 the time is ſet down accotd- 

ing to our common way of reckoning. - Thoſe marked Pekin and 
55 of are Eclipſes from the Chineſe chronology according to SRD; 
Aud robe che Table this mark © NA San, ane en © Mon. 


STRUYK'S 


x's Catalogue of E CLIPS Es. 
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STRUY 


| Bef. Eclipſes of the Sun | mad Digi | | m—_— 
Chr. 5 M. & D. ade} Digits Aft. Eclipſes of the Sun Middle | Digit 
— " ons — = 3 ö 028 * n Chr 8 and Moon ſeen at M.&D. H. M. eclipled 
721 [Babylon |@ |Mar.19| io 34] Total | Dok 1 apy 8 
1720 Babylon @ | Mas. ; 11 7 "us 5 | f —— - — E773; 9 
621 e @ | Apr. 2118 22] 2 36|| 27 2 E 1 8 1 To l 
523 [Baton '@ | july 16] 12 47 e otal | 
502 Babylon ® Nov. 19 12 p44 , — , 2 N 3 750 13 19. 20110 30 
491 Babylon Apr. 2512 12] 1 44|] 45 Rome 18 18737 7 36 
1455 == [9 Doſe. 3 - 3511 „ 46 [Pekin E July 21 = = x : - | 
ee See f 4 Glam ee los 
* * — fle Aug. 251 15 Toral || 53 Canton Is Mar 's 2 - 46 6 | 
> ; 4, 4 q 5 3 11 : 
et pak (RL eee 
n SI. %% gol] „ - be nn 
394 | Gnide-- Aug. 1322 17 f off} 50 | Cantor Te 8 2 S310 38) 
- 383 Athens | @ | Dec. 2219 6| 2 1] 65 [Canto FOLD: £3 3 31 30 
382 [Athens 4 Jane 18 8 54 6 150 4 2 n 
| 382 Athens 1» ec. 1210. 21: Total | 70 Canton 18 1 = 18119 43410 4914 
| 9 182 July 12 23 511 6 10 I 71 Rome 46 3 8 1 5 „ 
| 27% unt * Feb. 28 22 — 3 331] 95 Erheſu. NA 2— 1 of. 
| 9 — —— Sept. 1418 — [2 of} 133 | Alexandria U May 8 55 1 
e e ee e Slab fe 
j219 Mya Nr. 19014 5 Total || 2 FBologn 31A 13 4 11 
218 [Pergamos ] Sept. 1 Rang Total US Eon Abr. 12 Total 
7. 2 8 3 1 ; G 
| 217 [Sa Ina. T Beb. 11 I 8 9. 6| 2 12 1 20 208 45 
203] Fruſini x May 6 '- 8 | 86 May ig] 3 201 20% 
. 2 52 . 401] 304 Rome 160 A | z 
| 202 {Cams 1'&|08. 1822 24 1 off 316 | Conſtantinople| & 0 pic Ru 36] Teen. 
e I | Sept.22| 7 14] 8 581] 334 Toledo r 0 
fm — 18 3 3 Total || 348 Conſtantinople & OR. 8 * ＋ o 
1.200. ns. T t. 4 f 
198 Rome . 8 — 1 14 48 . Total | 8 — : ; SY Aug 27 18 © Central 
STS. lar 40 oft nn? IHE 
| . Alm JP July 16120 38110 4811.40! Rome | 8 Doc. 6 14 2 Tora 
| 168 Macedonia 19 — > 5 Total i 4 — In . 1] 8 43 10 2 
| 1 4; SHE Ta : 1 1] 422 ome ES, Ov. 1020 
141 Rhodes 9 Jan. 27110 8 3 26 0 | k 33110 30 
. | ] 447 | Compoſtello Dec. 234 o 46 — 
1104 Rome 3 July 1822 11 52 451JC ' Op . 
e, e x2] Toi 3 |Campotello 5 16] 6 50] 9. = 
Canton 8 r Central] 438 Chaves | &| May 2723 16118 
54 R 4 Q ay 9] 3 41] Total 462 Compoſtello 2 "= 15 2 53 
„ 8 Mar. 74 2 12 of | 464 | Chaves July 1 8 3 
f 48. Rome en. 18|10 - of Total || 484 | Conltantinople | & | Jan 4 3 
45 [Rome Nov. 6014 —| Total | i r 
2 Rome ov. 614 486 | Conſtantinople | & | May 19] 1 10 1 
3 Ro ISNay 9 3 52] 6 471] 497 Conſtantinople | £3 | Apr. 18 5 3 24 
20 _ 12 . ſetting | Gr. Eel. 512 | Conſtantinople | £& June 2843 5 17 57 
22 n J an. 54 211 of} c28 | England ol 5nd 8 
2 5 I T2 June18]2z3 48] Total = — 8 (par wh. 20 - FE : 
: 26] anton $3 Oct. 23 4 16 14 15 377 Tours ; | 4 he 3 x 2. - ; 
„ a April 7 4 11 2 5/581 [Pais 494 il hg 1 
ale [Gln 10 „ 2 Sezſ 41] Tout | 
0 3 - r - . 41 ota 
. anton . ns, ee I = 8111 42]| 590-|Paris "2 [OR.281 6 ol 9 24 
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Aft. | reliptes of the Sun Middle] Digits || aft. |naipts of tue Sen | Middle | Digits 
Chr. | and Moon ſeen at M.&D. A. ale eclipſed] Chr. and Moon ſeen at | MAD. H. M. eclipſed 
592 Conftantinople| Mar. 1822 6810 of 901 Arracta Aug. 215 7 Total 
003 Paris Aug. 1243 3 ii 20 904 London '@ | May zu 47 Total 
622 | Conftantinopleſ @ | Feb. 1]11- 28 Total 904 London @ |Nov.25| 9 . Total | 
644 [Paris Nov. 5| 0 30 9 $531] 912 London lan. 6|15 12 Total 
680 Paris Jude 1712 30 Total || 926 Paris IJ Mar. 3115 17] Total 
683 Paris Apr. 1611 30 Total || 934 Paris Apr. 16] 4 301 36 
093 | Conſtantinople} Oct. 4423 54511 54 J 939 Paris 1 [July 18] 19 4510 7 
716 [Conſtantinople] @ | Jan. 13] 7 —{ Total || 955 Paris [Sept. 4|11 18] Total | 
718 | Conſtantinople] | June 3] 1 15] Total 961 Rhemes £ | May 16020 13] 9 18 
733 England Aug. 13420 — [i 1 970 Conſtantinople | May 718 38}11 22 
734 England Jan. 2314. —| Total || 976 London July 1315 7 Total 
752 [Englad July 3013 — Total || 985 Meſſina |& July 20 3 52] 4 10 
753 [England | June 822 — 10 35 989 Conſtantinople] May 28 6 54] 8 40 
1753 [England Jan. 23113 — Total 990 Fulda 10 Apr. 1210 229 5 
760 England Aug. 15 4: —| $ 15 990 Fulda Oct. 6615 4j11 10 
760 | London ®|Aug.30] 5 5010 40 990 Conſtantinople] Od. 21] o 45]10 5 
764 | England 15] June 4|at noon| 7 15] 995 Augſburgh - | @ | July 1411 27] Total | 
779 | London 0 keb. 1447 12 Total 1009] Ferrara, Od. 6/11 38 Total 
774 | Rome @ | Nov.22|14 37 [11 58] 1010] Meſſina Mar. 180 5 41] 9g 12 
784 [London @ | Nov. 1]i4 2 Total || 1016] Nimeguen Nov. 1616 39 Total 
1] 787 | Conſtantinople Sept. 14/20 43 47 || 1017 | Nimeguen d. 22 2 8 6 — 
'1 796 | Cenftantinople} Mar. 2716 22{| Total || 1020] Cologne + @ | Sept. 4411 38 Total 
{ 800 Rome -. | @|[Jan. 1519 od 17j] 1023| London £& | Jan. 2323 2911 — 
807 | Angouleſme |] Feb. 10021 24] 9 42jj1030|Rome _ @ | Feb. 20|11 43 Total 
807 | Pans 40 Feb. 2513 43 For 1] 1031 | Paris Feb. 91 51] Total 
$07 Paris J Aug. 2110 201 Total || 1033 | Paris @ | Dec. 811 11 2 £4 
809 | Paris . || July 1521 33 8 81034] Milan June 49 8] Tota 
$59 Paris @|Dec.25| 8 —] Total || 1037] Paris Apr. 17 20 4510 45 
810 [Paris June 20 8 — ] Total || 1039] Auxerre Aug. 2123 4011 
810 [Paris #|Nov.30| o.-12| Total || 1c42| Rome @ | Jan. 8[16, 39] To 
810 Paris | Dec. 1448 —| Total |} 1044 | Auxerre 1 @| Nov. 7|16 1210 1 
812 |Conſtantinople| May 14| 2 13] 9g —|| 1044| Cluny Nov. 21022, 1211 — 
813 |Cappadocia May 3417 510. 351056 Nuremburg April 2 12 9 Total 
817 [Paris e Feb. 5 5 42] Total || 1063]Rome | | @|Nov. 812 16 Total 
818 [Paris $3 | July 6118 —| 6 55[]1074|Augſburgh- |@|OR. 710 13] Total 
820 [Paris @ |Nov.23| 6 26 To 1080| Conſtantinople| @ | Nov.2g|it. 12 9 36] 
824 [Paris Mar. 18 7 55 Total 82 London 40 May 14 10 32010 2 
828 Paris Je June zo [ir ] Total 186] Conſtantinople| ] Feb. 16 + 7| Total 
828 [Paris le bDec. 2413 45 Total 1089 Naples [| @| Junezs . 6] Total 
831 Paris Apr. 30 6 19]11 81093 Augſburghi Sept. 2222 3510 12 
: 831 Paris May 1523 —| 4 24096 Gembluors Feb. 1016 4 Total 
831 [Paris led. 24|11 18 Total 1096 Augſburgh 0 Aug. 66 8 21 Total 
832 Fulda Apr. 189 ©| Total 1098 Augſburgh Dec. 25 1 2510 12 
840 Paris May 423 2289 201099 Naples | @ | Nov.30| 4 58 Total | 
- 841 [Paris Oct. 1718 58 241183 Rome "0 n 10 18 Total 
| 842 Paris Mar. 2914 38 Total || 11c6{|Erfurd July 171128811 54 
843 [Paris ear. 19 7 1 Total 110% Naples @ | Jan. 1013 16 Total 
861 [Paris Mar. 2915 7 Total 109 Erfurd | |May31]| i. 3010 20 
878 [Paris „Oct. 1416 — Total || 1110] London @ | May 5 10 51 Total 
; 878 Paris [83 ]OR. 29] 1. —J11 14} 1113] Jeruſalem - Mar. 1819 of 9. 12 
883 Arracta July 23] 7 441 — 114 London Aug. 17% 5 5 Total 
889 Conſtantinople] April 3417 52] 9 231117] Trier @ | June 15|13 26 Total 
891_| Conſtantinople] £3 | Aug. 723 48110 301117 | Trier Dec. 1012 51] Total | 
1 5 | | 5 "" STrRUYX'S | 
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Wittemburg 
Florence 
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Wittemburg 
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Conſtantinople 
Florence 
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Mar. 5 
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Dec. 27 
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Nov. 21 
OR. 15 
July 24 
June 7 


May 18 
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Mar. 7 
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Aug. 
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Dec. 23 
May 2 
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Jan. 23 
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m9 Total 
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Aft. Middle] Digits || Aft: nddle Di * © þ Ws _ 5 To 0 
Chr. | M. &. H. M. ecliple Chr. Map. H. NM. elite Chr. N. ED. H. clipſed 
1486] Feb. 18 5 47 Total 45 [Mar. 10% —| * 1806 Feb. 715 
1486 2 . 17 43 8 # 0 | Aug. 19 17 —— TS 2 So aly 2013 112 926 
1487 0 49 Total 14960 Jan. 29 12 — 1 7 1506 Aug. 10 4 
1487 [J 567 olf 1497 f@] Jan. 18 6 38 Total 1507 P@[ ha 94 
14880 * July 29 is 2] 3*©- 6]]1508]8þJan, 2444 
14881 June 2217 — * W308 May 29 6 —-|* } 
14890 Aug. 2318 — * Is e June 127 40 Total | 
1490 [£3 Nov. 17 [10 —- * - | :50g|@[June 211 17 o 
14908 £| Mar. 27] In the Night 1509 [£5] Nov.11|22 —| * 
1499] @{ Apr. 111 At Noon {| 1510 ]@| Ot, 1619 —j'* © 
1491 13 Od. 5114 2110 off1511J@[OR. 6111 50 Total] 
14910 [N May 27 49 Total 15121 Sept. 25 3 56 Total | 
14920 dept. 3019 4510 i513 Mar. 7 o 30 6 0 
149200 Od. 1512 20 2 513K July zo[( 1 —| * 
14930 Mar. 1490 — * 1515|@] Jan, 2915 18 Total 
1493 Sept. 1922 — * 1515 Jan. 19] 6 | of Total 
1494 Feb. 2913 36 Total i516 July 1311 37 Total 
149448 Mar. 164 3 —| * 1516 [ Dec. 23 3 47] 31 © 
G u Aug. 14] 8 18 Total 1517 %% June 1816 —| ““ 
, © BH n . 5 ATE | 
82 bh ERS Ricciouvus's 


Aft. [Eclipſes of the Sun | | Middle Digits Aft. Eclipſes of the ws 1 Middle] Digits 1 
Chr. [and Moon ſeen at IN M. 328 H. M. eclipſed | Chr. and Moon ſeen at M.&D. H. M. eclipſed 
1133! Prague @|Dec.14|18 — 41 —|[|1421]|Forli „Feb. 17] 8 2| Total | 
1333] Wittemburg May 14] 3 —J1o 8 14220 Forli J Feb. 6] 8 2611 7| 
1334] Ceſena Je Apr. 1910 33] Total 1424 Witembarg.. une 260 3 .57 oy: 20}' 
1341 | Conſtantinople | Nov. 2312 23 3p 1431 Forli Feb. 124 2 4 3 
13410 Conſtantinople | Dec. 822 15 1 1433 Wittemburg lune 175 — Tox f 
1342 Conſtantinople | May 20] 14 27 Total || 1438] Wittemburg |] | Sept. 1820 59 7 L 
1344| Alexandria Od. 6]18 go] 8 551442 Rome Dec. 171 3 56 Tot j 
1349] Wittemburg | @ | June 30]i2 20 Total || 1448] Tubing $1 Aug.28]22 2318 531 
1354] Wittemburg Sept. 1620 45] 8 43]]1450] Conſtantinople | @ July 2 7 19 Total |: 
1350] Florence Feb. 1611 43 Total 1457 Vienna |, | @ 11 17] Total 
1361] Conftantinople| © | May 4|22 15]. 8 54|[1400|Auftria .;.. 3010 344 34.5 231 
1367|Sienna . Jan. 16 8 27] Total 1460 Auſtria 6117. 6 15 17 32111 19 
1389] Eugibio Nov, 3.7 FL Total 1460 Vienna 35 Dec z7 [13 30 Total“ 
1396] Augſburg Jan. 11] 15 6 2214610 Vienna 4e eg 11 Fo] Total! 
1396 Augſburg, ® | June 2111 10 | Total 1461 Rome Dec. 17. — Total 
17399 Foni Jod. 20 o 43] 9 — 1462 Viterbo June 1115 —| 7 38]: 
1406 Conſtantinople | @ | June 113 — 10 31462 Viterbo  þ@{Nov.2r] % 10 2 of 
1406 | Conſtantinople | $3 | June 1518. x 111 38111464 | Padua . leer 2112 43 Total] 
1408 Forli Jos. 8 479 434465 E + [8 88 200 5 15 8. 46 
1499 | Conſtantinople. S 3 1 50 4811346 ofa 158. 4| 5 224 Total | 
1410 Vienna | | @fMar.20[13:, 13 otal ||| Rome F 7 91 Total ; 
1415 | Wittemburg June 6] 6 43 108 144 Norimburg Mar 1663 5311 —| 
1419 SA +6 3 Spee 22 5 5 WH 101.1, one 7. | 
4. 0 8.115 2 
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t e PF e ee e e e | 2 Ty ; f 
Aft. Middle Digits Aft. Middle | Digits Aft. | Middle | Digits 
Chr. || N. & D. H. f jel Che. | N. ED. H. M.] eclipſed] Chr. | M. ED. Ff. N.] eclipſed 
1517] © [Nov. 719 — * || 1544|@| Dec. 2818 27 Total 1574 % [Nov. 13 3 50 5 21 | 
18 Ble 11 19] 9 111545 June 8020 48] 3 451575 May 198 - 
1518 4% June 717 5661 0 r545 [Dec. 1718 — * 175% Nov. 245 —- “ 
1519 May 280 1 —|] *. — 15461 May ze 5 — 11576 Oct. 2 v5 
1519] $#JO&, 23] 4 33] 6 (54% Nov. 22 —- 1577] April 2] 8 33 Total 
1519 [Nov. 66 6 24] Total 1547] [May 4/10 27] 8 577 e Sept. 2613 4 Total 
1520] @ [May 27 — * 1547 | @] Of. 28] 4 5611 34/1578] jSept15]i3 4] 2 20 
1520] {xX]JOt.n1] 5 223 1547 || Nov.izÞ 2 9 9 301579 Feb. 15 5 41] 8 36 
1520] @JOR.zo ig —| * 1548 April 81 3 =| * 1579 [Aug. 209 of * ' 
1520} [Mar. 2117 —|, * 1548] Apr. 2211 24 Total ||1580| @ | Jan. 3110 7 Total 
1521] [April 619 — 15491 Apr. 1115 19] 2 [1581] Jan. 19] 9 22] Total 
152103 Sept. 30 3 — bo 1:49] @| OX. 6] 6 —| * 158100 July 15 17 $1] Total 
152240 Sept. 5 12 17 Total || 1550] $#] Mar.16]20 — * 1582|@ | Jan. 810 29} © 53 
1523] @|Mar.,1] 8' 26 Total 155100] Feb. 20 8 21 Total 1582 June 1917 51 7 5 
1523] Aug. 25 5 24 Total [i551 Aug. 31 2 of 1 52583 Nov. 28 [21 51] Total | 
152440 Feb. 1 —| * ' [{r553]85] Jan. 12022 54] 1 221584] [May 9 is 200 3 36 
152440 Aug. 1616 — * [1553] July 10 7 —| * 1534| @ Nov. 1714 15 Total} 
1525 lan. 234 —| * [155310 Ja 16 of o 311585 Apr. 29 7 53111 7 
1525] July 40 10 Total 1554] Jene 29 6 — * 1585] May 135 9 6 54 
1525 Dec. 29 [10 46 Total 1554] | Dec. 813 7410 12158600 Sept. 27 8 —| © þ} 
1526] @ | Dec. 1810 3o| Total [|i55;5|@ June 415 of Total 1586 Od. 12 Noon | * 
1527 Jan. 2 3 —| * 1555] |Nov.izÞig «| * 15387] @ |Sept.16] 9 28810 2 
1527] [Dec. 71io —| *® *' [[1556| | Nov. 118 of 9 4115880 Feb. 266 1 231 3 
1528 May 1720 —| ® [| 1556] @|Nov.16|12 44] 6 55||1588] @| Mar. 1214 14 Total 
1529] [Oct. 16]20 2311 55||i557 £3 OR, 2020 — * 1538] @] Sept. 417 30 Total | 
1530 Mar. 2818 23| 8 24|[i15;58] @|[Aprilz}it of 9: 501589 Aug. 1018 —| * 
1530 [Oct. 612 11] Total 1558 [Apr. 18} x —| * 1589 Aug. 2518 1 3 54 
15310 April 117 —| * [1559] Apr. 161 4 50 Total 1590 Feb. 445 — 
15320 Aug. 30 o 49 3 35||1560] @ [Mar. 1115 40 4 13/590 ay 167 4 3 54 
153310 Aug. 411 50 Total 156] Aug. 21 1 of 6 22590 July 309 57110 27 
15330 Aug. 19117 — * 1560] @ | Sept. 4] 7 —| *® 1591100 Jan. 9 6 * 40 
1534 lan. 1441 42} 5 4505610 eb. 13] 1g — * 15910 Juhy 65 otal } 
1534] lan. 2914 25 Total ||i562|$3]Feb. 3] 5 —| * 159100 July 20 4 2] 1 of 
1535 June zo] Noon | * 1562] @| July 155 50 Total 159100 | Dec.2g]i6 111 Total 
158350 July 14488 —| *  |][1563] ©] Jan. 229 —| © 1592| @ June 2440 13] 8 58 
1535 Dec. 244% -“. 1563 [June 20 4 50 8 385920 Dec. 18 7 2 63 54 
153% [June 182 268 „56 3e uh 5] 8 4/1 341}1593] | May zol 2 36] 2 38 
1536] @ Nov. 27 6 2100 15/[565[ [Mar. 7/12 53 —— 59 [May 194 5810 23 
1537] May 2448 3 Total 1565 May i416 —| * 1594] @ | Ot. 28819 15 E 40 
1537 [June 77 —| * _ [|] 1505] @ | Nov. 7][12 460 461595 April gf Ter. de] Fuego 
1537] @|Nov.15[14 56 Total || 1566] [Oct. 28] 5 38 Total 1595 Apr.24] 4 12 Total 
1538] May 1314 24| 3 oſ[ſ1567]:3[April 8123 4| 9 34|[1595|&|] May 722 —| * 
1538] @|Nov. 6] 5. 31] 3 37|}1557| @[OR.17]13 43] 2 4o[[1595| 35 Of. 3] 2 4| 5 18 
1539] Apr. 18 4 3349 off 1563] | Mar.28] 5 —| * 1595] @| OR. 18] 20 47 Total 
1540] April 617 15 Total || 1569] @ | Mar. 215 18 Total 1596 Mar. 28 In Chiti 
1541] @ [Mar. 1116 34 Total 1570 Feb. 20 5 46 Total [| 1596] @ | Apr. 12] 8 52 6 | 4 
15410 Aug. 2110 56 3 15700 Aug. 15 9 17 Total 1596 Sept. 21 In | China 
1542] @ Mar. i] 8 465] 1 381571 Jan. 255 4 —| * | fi 1596] @ OR. 621 15] 3 33 
1542 [Aug. 1017 —| * 1572[43| Jan. 14419 —| * || 1597] £3] Mar.17 St. Pet.] Iſle 
1543] @| July 15116 —| * 111572] @ | Junez5| 9g: of 5 26[| 1597] £3] Sept. 11] Picora| 9 49 
1544] Jan. 918 13 Total || 1573] |] Jane 28.8 —- . 1598] Feb. 2018 12110 55 
15444 Jan. 23] 21 161119 [[1573| $3] Nov.2zf 4 hw » !; }} 1598] Mar. 6Þz2 12111 57 
1544] © July 4 8 31 Total 1573] Der, 8 6, 51 Total 1598 Aug. 16] 8 15 Total 
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Aft. [ „„ n Middle Digits [| Aft. A | Middle|ſ Digits || Aft. | Middle | Digits 
Fug IND. H. M.Jedipſed|| Chr. | N. & D. H. M.\ectiped||Chr. | M. D. H. M. eclipſed 
$1598] ©] Aug. 31 Magel. | 8 34||1613| ©] Apr. 20 Magel] lanica 1626 Aug. 21] In Mexico 
42.4 ® | Feb. 1017 4 Total 1613] May 4| © 3; Total || 1627] @ | Jan. 30 38]10 214 
] 1599 July 22] 4 31] 4 181613] May 19 Ealt] Tartary 1627 Feb. 15 | Magel | lanica 
1159910 | Aug, 6]Þ——— Total || 1613] | O&, 13] South} Amer. || 1627|@ | July 27 H 4| Total 
150 Jan. 15| Java j11 481613] Od. 28 N 19 Total 1627 Aug. 110 Tendue 10 o 
41600] @ | Jan. 30 6 40] 2 58116140 Apr. 8 .Gui.| 8 441628 | Jan. 6 Tenduc 40 
116001 joy 10] 2 105 3916140 Apr. 2317 3%] 5 251628] Jan. 20 11 Total 
1601 Jan. 4 Ethiop.] 9 401614] [Oct. 34 57 21628] Ji; 1 | C Good Hope 
1601| @ | Junez5| 6 18] 4 52/1614] @[OR. 17] 4 35] 4 56 1628] @ | July 16 26 Total 
1601 | | Junezg | China | 4 29||1615|£|Mar.2g| Goa [io 381628] Dec. z5 In Eng land 
1601 | Dec. 9 7 i - 53]|1615||Sept.22| Salom 629% lan. gf 1-36] 4 27 
16011 Dec. 244 2 46] 9 52111616] @[Mar.. 3]. 1 58 Total || :1629{3|June11|Ganges|11 25 
i602| ©| May 21 |Greenl. | 2 41]|16156| | Mar.1g ticof 6. 4711629] |Dec.14] Peru 10 14 
1602] @ | June 4| 7 18 Total 1616] Aug. 20 * 33 Total 1630 May z5 17 56] 6 © 
1602] June 19 N. Gra. 5 43616 Sept. 10 Magel. 10 33 1630 June 10 7 47] g 8 
1602 Nov. 13 Magel. 4 —||1617|3|Feb. 5 Magelflanica 1630 Nov. 1911 2449 27 
16024 @ Nov. 2810 2 Total 1617] Feb. 200 1 4% Total 1630 & Dec. 3 N. Gui. 10 10 
1603] © May 10 China |11 211617 Mar. 6122 — 163i Apr. 30 Antar. Circle 
11603] May 2411 41] 7 591[1617|© Aug. 1|Biarmia 1631] @| May 15 15] Total | 
1603 Nov. 3] Rom. I. II 17]|1617|@[Aug.16] 8 22 Total 163 | | OR. 24|CGood| Hope 
1603| Nov. 188 7 31] 3 2611618] Jan. 26 Magel|lanica || 1631 | @ | Nov. 8 0] Total 
1604 | £ | Apr.20|Arabiay 9 32 1618] @| Feb. 29] 2 571632 Apr. 19] CGood|H b 
1604 | {3 | OR. 22] Peru | 6. 49118 July 21 [Mexico 1632|@ May 4| 1 24| 6 35 
1605 | @ | April 3 1911 491619 | Jan. 15 Califor _ I] :632|£3 | OR. 13] Mexico] 8 37 
1605 | © | Apr. 18 5 3106190 June 26012 40 101632] [Od 2712 23] 5 31 
1605 Sept. 27 4 27] 9 26/1619 July 111 Africa 391633] [April 8 14] 4 30 
1605 [$3 | Ot. 12] 2 32] 9 24 16190 Dec. 20015 5310 47163318 Oct. 3 Maldiv.] Total | 
1605 Mar. 8 Mexico 5 1620 NMay 31| Artic } Circle || 1634] @ Mar. 14 35111 18 
16061 [Mar. 2411 17 Total 16200 June 14413 47 Total 1634] [Mar. 28 3 10 19 
16061 | Sept. 2|Magel. | 6 40 162010 BN Magel. 7 20 1634 | @ Sept. 7 of Total 
1606 Sept. 2 |Magel.| 6 4o||:620| @|Dec. g| © 39] Total 1634] Sept. 22 C. G. Ho 54] 
16061 Sept. 1615 6 Total || 1620|83] Dec. 23 Magel|lanica || 1635} |Feb. 17] Antar. Circle 
1605 Feb. 2521 47 1 13111621] May 20014 54/10 44/635] [Mar. 3] 9 26 Total 
1607 | [Mar. 13 6 36] 1 22/1621] Jane 3 bo, 9 $53||1635|83|Mar.18]Mexixo] o 164 
1607 | |Sept. 515 40] 4 71 | 1621 | |Nov.13| Magel|lanica || 1635 | 83 |Aug-12|Iceland] 5 o|. 
1608 [Feb. 15 at Antipo||1621 | @ Nov. 2815 43] 3 381635] aug. 2 41 Total | 
1608| @ [Joly e)] © 30] 1 53/6220 May 10 Verd 5201630 [Feb. 6} In Peru 
1608 [ [Aug. 9] 4 39] 40 16224 0 Nov. 2 Malacca In. 163610 Feb. 20 3413 231 
1609 Jan. 19% 21/10 32 162340 [Apr. 14] 7 10 54/1636] [Aug. 10 Tartary fi 20 
160 O Feb. 4] Fuego | 5 22, 16234 Apr. 29 — 136] Aug. 16] 4 34] 1 25 
16080 Jy 16112 8 Total 1623108. 8] © 228 35111537] Jan. 26] 'Cam|boya 
r609 | [July 30 [Canada] 4 10 16:3|$3}0& 2; Califor. 10 40/637] | July 21 Jucutan 
ice Dec. 2619 —| 5+ 50 1524400 May is N. Zem 637] Dec. 31 0 44110 45 
1610 % lan. 9 1 31 Total {| 1624} Apr. 3 7 Total 16380 [Jan- 14 Perfia 4 
16101 [June 200 Java 10 , 46111624 | Apr. 17 Antar. þ Circle ||1638| June 25 20 17 To 
16100 | July 5416 | 58] 11 . 13624] Sept. 12 agel] lanica 1638 | July 11] Mag- fo 5 
1610| £3 Dec. 15 Cyprus] 4 5<{{1624 | @ Sept. 260.8 55 Total || 1638] |Dec. 5|Lellan.] 2 10 
1610 Dec. 291% 47] 4 23{[1625 [Mar. 8 Florida] 1638] Dec. 0 16] Total 
£1613 [£3 | June 10 Califor. | 11 301625] Mar. 23014 11 2, 1 163c|&3 |Jan. 4|}Tartary] o 30 
1612]. May 1410 38] 7 22H 1025162 Sept. 1] St. Peter's Iſl. 1639 | June 1] 5 5910 40 
1612} | May 2923 38] 7 . 14|} 1625] @|Sept-16}i3: 41} 5.  Blt:639] @ June 15 4111 9 
1612 b@ | Nov. 84 37 22} 9 491}1626]65 Feb. 25 }Madag | 8 271j1639] Nov.24|}Magel.ji1 of 
161248 Nov.22 Mage! | 9 ijO 1626 Aug. 7 7 4 © 25639] Dec. git. 57] 3 46 
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Aft. Middle] Digits | | Aft. |, Middle | Digits || Aft. Middle | Digits 
Chr. M. H. M.] edipſed ou M. ED. H. M.ectipfed|| Chr. | M. P. H. oo eclipſed 
16400 | May 20|N. Spa.|10 30165410 [Aug. 2711 I 1670 Sept. 1019 of — 
1640] Nov. 13 gerd 110 36 1655 $3 Feb: 6] 2 = 4 = . 0 . 15 4219 7 
1641]@ Apr. 251 1 2 9 49655 Aug. 114 19 1670 [Oct. 13112 5(— 
1641 [May 9 Peru [10 16165510 Aug. 1616 — * {1671 |] Apr. 823 29 
1641 |@]JOR. 18] 8 19] 6 3116560 lan. 119 40 of} i671] $3] Sept. 221 25 ——| 
[1641 £ | Nov. 2118 46 16560 July 6] 3 17 Total ||1651] @|Sept.18] 7 44 Total 
1642|{3|Mar.zo] Eſtotl. | 4 of] 1656|75|July21]11 48]— 1672|{3$|Feb.28] 3 38] —— 
1642|@ ]April:14|14 31] Total || 1656] @ |Dec. 30]23 30 Total 167210 Mar. 131 3 17 |—— 
1642 | $3 |Sept.25 | Magel |lanica |] 1657 [June 1111 20| ———||1672|&|Aug.22} 6 43] —— 

11542|@ [Oct. 7116 45 Total || 1657 |@|Junez5] 9 35 Total ||1672| @| Sept. 6]18 54 —— 

11643 [Mar. 1913 53 1657[ [Dec. 4420 of —— || 1673] ]Feb. 16] 7 29 —— 

116430 April 3 [21 10 3 91657] [Dec.2of 7 47] 3 g[j 1673] Aug. 1121 44 —— 

$1643|t3|Sept.12]17 o 1658 [f5|May 31] 16 — 116574] @| Jan. 2118 22j11 21 
1643] @ [Sept. 27] 7 38] 6 16580 lune 14422 58] ——|| 1674] Feb. 519 4] —— 

{1644 | £ | Mar. 8] 6 20 1658] @ | Nov. 913 56| O 10674] July 17] 9 40 Total 
1644 |t3 Aug. 3118 10 1658{tx+ |Nov.24[i1 36|——||[:6;5| @| Jan. 11] 8 29 Total 
1645] Feb. 10] 7 45] 3 5211659 | May 6] 8 34] 8 5675 Tar; 25110 36} —— 
{1645 | } Feb. 26 Rom. I. 10 461659] May 2017 44 ——||[1675] @| July 616 31 Total 
1645] Aug. 7] 2 4 Total 1659] Od. 29 16 16] 5 52676 OJaneio 21 26] 4 34 
1645 [Aug. 2110 35] 4 401659 [Nov. 144 4 259 511]1676] @f Junezg] 6 26] —— 
1645 | £3 | Jan. 16] Str. as) Anian ||1660| @ |Apr.24|21 58 Total || 1576] Dec. 4]20 $2] —— 
16450 Jan. 3018 11 Total ||:6 o| $3] OR. 3]22 34 1677 |$3|Nov.24|12 5 — 
1646] July 12] 6 57 1660| [Oct. 18] © 32 Total 1677] | May 1616 z5| 8 15 
11646 July 27] 6 2 Total 1660 Nov. 213 48] ———[|[ 1678] @ [May 6] 5 30 —— 
1647 |] Jan. 512. 10 1661[ Mar. 29122 32} ——}j{1678} @ | Ot. 2g] 9 17] Total 

{1647} Jan. 209 43] 4 47|]1661] Apr. 14] 4 28] ——— [1679] S]Apr10]21 of —- 
1647 [ [July 230 9 ——|[[:661 |i3|Sept.23] 1 3681 191679] @e [Mayzgfit 53] 5 47 
1647 |£3|Dec.25|13 38] ——|[|1661] @ |OR. 714 5i] 7 4[j1680|t3|[Mar.2g]2z3 22 
1648] @|June 5] o 55] 4 281662 Mar. 1915 8 ———|| 1680] t3|Sept.22] 7 57 — 
116488 [June 2013 28] —— || :662|53 |Apr.i2} 1 8 | 1681 | @ | Mar. 4] Noon 
1648] @ [Nov. 29119 17] 7 40 1663] @ [Feb. 2116 11] 3 14]]}1681] [Mar. 19113 43 [| —— 
1648 [Dec. 1321 48 1653 Mar. 9 5 47—— 116810 Aug. 28 [5 2210 35 
11649 @ May 25 [5 20 Total 1663 Aug. 18] 8 45 Total 1681 Sept. 11JI15 43 —— 
16491 Jane g9fArQ.C.| 4 i663 [Sept. 1] 8 8—— 11682] Feb. 2112 28 Total 

i 1649] Nov. 4| 2 10] 5 191664] Jan. 2720 40 1682] @ Aug. 17 [18 56] Total 

164910 Nov. 1819 50 Total ||1664|@[Feb.11] 3 16| ——[{1683| #3] Jan. 27] 3 3510 30 
1650 Apr. 30] 5 54] — 664] July 22] 14 48] ———111683] @ Feb. of 3 39] —— 
{ 1650] @ May 15] 8 37] 7 571664] [Aug. 2022 10 ——||1633] Aug. 6]20 36] —— 
$1650] £3] OR. 24] 17 17 —— [| :665 [Jan. 30] 18 47] 4 34|| 1684] £3] Jan. 16 6 34] 

1650] @ | Nov. 7[20 2g9| 5 3]| 1665 |t3| July 127 48 | —— || 1684] @|Junez6]15 18] 1 35 
i651] 3] Apr. 19] Tuber 1665 |@ | July 2613 31] © 10[|1684|£3| July 124 3 26 Total 
1651] 3] OR. 14] 2 15 1666 | $3 | Jan. 421 33 11684] Dec. 2111 18] 9 45 

1165260 | Mar. 24]16 52} 8 501666 July 1]1g offi: 1of}i685| San. 4116 o 
165 2|t3| April 7|22 4o| 9 591667] | June 5 Noon 1685 | @|Junet6] 6 of —— 
1652] @ |Sept-17] 7 27] 9 49[|1667}3| jJulyzi] 2 32 1685 | @|Dec.1o|11t 26 Total | 
1652] £3 . 2] 5 2 —— || 1667|53|Novaig]it 30 | ——|}1686| 5|May zifi7 9 | 
1653] *3 | Feb. 27 —— || 1668 | £3 | May 10] Setting | —— |} 1686] @ | June 6] Noon | —— } 
1653] @ [Mar. 1317 9 Total [|1668] @ |Mayz5|16 26| 9g 32|}1686| @|Nov.2g}i2 22 Total, 
1653] £3 | Aug-22 — | 1668| tz | Nov. 4| 2. 53] 9 5o[}168-|5[Mayiig 1 — 

165310 Sept. 623 45 Total 1668 Nov. 18 3 54] 6 45|}1687 O May 2614 — * | 
16544 Feb. 1669 10 1669 Apr. 2918 18 1687 Apr. 1517 4] 6 49 

11654] @ Mar. 219 25 3 14/1669 [Od. 24/0 13 1688 | Apr. 2916 27 ——— 

165418 Aug. 11122 244 2 281670] [Apr. 1917 | of —— 1688 6 9 Noon | —— 
: | 5 Riccior us 


— —w OWũk'tñ —2ñ— ͤ—üƷ — ——̃ — 


Of Eclipſes. 
Racerot uss Catalogue of ECLIPSES. 

Middle D ins Aft. [Middle Digits || Aft. Middle| Digits 

H. M. — Chr. ed. H. M. — Chr. b. H. M. 255 

— — — — —— — — 

9 40 1693 0 Jan. 2117 26 Total 1696 5 |Nov.23] 17 32|—— 

. 7 42] Total 1693] July 17 | Noon | —|| 1697] £3 | Apr. 20] 14 32] —— 
Sept. 28 15 46 Total 1694 Jan. 12] Noon | ——— || 1697] @ [May 5]18 27|——- x 
10} ——| 1} 1594 | lone 22] 4 2a] 6 22111697] @ 04. 29] 8 448 54] | 

11 14 5 43011694 @ [July 613 51] o 47698] Apr. 10] 9 13 ——— 

— U 1695 [OIMay 11 6 — 6] Ot. 3118 29 —— 

2 42 — 1695 | @ [May 28] Noon | — || 1699] @ | Mar.15].8 149 7 

17 30 —— [| 1695] Nov. zol 8 of 6 55699 Mar. 3022 0| —— 

5 $1} ——|(1595|&[Dec. 5% 7|——|| 1699] e |Sept. 8] 23 22{—— 

3 20] —— jj 1696] @ [May 16]12 45 Total 1699 Sept. 2322 3809 58] 

17 31] ———j} 1696 | & [May 3012 6 ——— [1700] @| Mar. 4420 11] —— 

16 9 Total J 1696 Nov. 8 7 30 Total — Aug. 290 1 42] —— 

"a ; ; + gs _'L . * Ws e ? | 


The Eli ſes: 8055 STRUYK were obſerved; thoſe from Rrcciouvs hs * 
| che following from L' Art de verifier les Dates, are only thoſe which are viſible in 
Europe for the preſent century: thoſe which are er are PE nw a 255 N 
e e cf | | 
| ks 16:4 | Vidble ECLIPSES from 1700. to. 1800, 
'H } ; Hue : | 7 ah 
| — . — — a —— — ͥ i | 
15 Aft Months Time of iT ; 9 85k 725 of || Aft . Time of | ' 
— Chr. and | the Day [| and | the Day Chr. and | the Day | : 

— I Days. [or Night. "| | Days. jor Night. "| - | Days. [or Night. ' 

* 1701] @ Feb. 22 11 A. 1715 8 May 3 9 M. 7.7320 Dec. 110 A. 7. | 

. 1703] @| Jan. 37 M. 1715] [Nov. 11 5 M. 1733] May 13] 7 A. 

. 1703] @ June 29 1 M. 7.77 @|Mar.z7| 3 M. ||1733] @[May28| 7 A. | - 
. 46 1703] Dec. 23] 7 M. T. [Hie May 20 6 A, 1735 [Oct. 2] 1 M. 
; 1704] Dec. 11] % M.  |{1718] @ sept. 9] 8 A. 7.1735 6 Mar. 2602 A. T. 
| $1706} Apr. 28 2 M. |j1719| @[Aug.29| 9 A. 17360 Sept. z0 3 M. T. 

1706 May 1210 M. 7210 an. 13] 3 A. 1736] [ Oct. 4] 6 A. 

$1706] @] OR. 21] 7 A. 1722| @| Junezg| 3 M. 1737 [#| Mar. 1] 4 A. 
11707] Apr. 17] 2 M. T.||r722]t|Dec. 8 3 A. 173710 Sept. 9 4 M. 
1708 [Apr. 5 6 M. 17220 Dec. zz 4 A. 1738] Aug. 15 [li M. 

1708 Dec. 14] 8 M. 17240 May zz 7 A. 7.7390 Jan. 24[11 A. 

. $1708] @| Sept. 29 99 A. 1724 Nov. 1] 4, M. 739 Aug. 4 5 A 
11709 Mar. 11] 2 A. {j1725} @| OR. 21 7 A. 739 Dec. zo M. 
[1710] 0 Feb. 1311 A. 1726 & Sept.25 6 A. 17450 Jan. 1311 A. 7. 

5 Io Feb. 28 1 A. 1726] Oct. 110 5 M. 17410 . 1112 A. 
1711 July 18 8 A. 1727 | $|Septag| 7 M. 1743] @ | Nov. 2| 3 M. 7. 
* {1711} @| July 29 6 A. T:[|1729] 0 Feb. 1349 A. T. 7440 Aug-26] 9 A. 
b 72e Jan. 23] 8 A.  [[1729|@|[Aug. 9 1 M. 746% Aug.30|12 A. 5 
| [+713] @{ June 8] 6 A. {[1730{ e Feb. 4 4 M. 4e Feb. 14 5 M. 2. 
12+ $1713 e Pee. 24 M. (12733 0 June 20 2 M. | 1748 © July 25] 11 M. 
F — — * - — ——_ > AU BIDET - — 
* | | Viſible | 1 


Viüble E CLIPS Es from, 1700 to 1800 


NMoncks "77 ime of Months | Time of "Months Tine 0 


and | the Day Aft. and | the Day Aft. and | the Day 1 
| Days. or Night. Ir Days. [or Night. Chr. Days. be Night. | I 
Au 8 12 A. | 176 Aug. 16 A. [1:82] @ Apr. 12 Ls”. | 
1. Dec. 23] 8 A. 1708 Feb. 24 3 7 1983 ® Mar.18 A T. Ti 
145 Jan. 8 9 M. ſoy” {| Aug. 5 7 A. 17830 Sept. 10] f f A. 2. — 1 N 
June 19] 9 A. 7.1768] Jan. 4] 5 M. 1784 Mar. f 3 M. . 1 
H 8 15 "RE. © 1768 0 June 30 4 M. T:||1785|$|Feb. g| 1 A. - F | 
@| June g| 2 M. 1768] [Dec. 23] 4 A. 7.1787] Jan. 312 A. T, it i 
jo Dec. 2{10 A. 17691 _ 4] 8 M. 11787] $3 Jan. 19 io M. HS 
May 13] 8 A. 1769] @| Dec. 13] 7 M. 1787 | $5 mat $36 þ 1 
Apr. 17] 7 A. 1770 Nov. 17 [0 M. 1787 Dec. 24] 3 A. in 
O0. 26% % M. ie Apr. 28} 2 M. 788 yon 41-9. M. 1 | 
Mar. 28 1 M. 1771] @|OR. 23] 5 A. 1789] Nov. 212 A. us 
Feb. 4] 6 M. [||:772]@|]OR.11] 6 A. T.|[1790] Apr. 2812 A. . 148 
July 3zof 12 A. || 1552[£#] OR. 2610 M. 1790] [Oct. 23] 1 M. 7. vB 
Jan. 2447 M. 7.1773] [Mar. 23 5 M. 1791] April 3] 1 A. | 
|S]Dec.zo| 7 M. 1773 @ [Sept.30| 7 A. 1791] [O. 12] 3 M. 
9|&|Junez4| 7 A. 774] U[Mar. 12 10 M. 1792] Sept. 1611 M. 
Dec. 19 2 A. {47764 @[July 31] i M. 7.179300 Feb. 25 [10 A. 
May 200 9 A. 7776 Aug. 1445 M. 11793] Sept. 5 3 A. 
&|Juner3] 7 M. [[1777|©) Jan. of 5 A. 1794/8 Jan. 31] 4 A. 
@ [Nov.22| 9g A. || 1778], June 24| 4 A. 1794 | @ Feb. 14411 A. . 
May 1811 A. 7.778] [Dec. 44 6 M. 794] Aug. 25 5 A. 
2| @ May 8] 4 M. ||1779] @|May zo $4 17950 Feb. 4 i M. 
r26z Oc. 171-8: M. | [i779] une 14] 8 M. 1795 July 160 9 M. 
1762 Nov. 1 8 A. -[| 1779] @|Nov. 23 8 A. 179510 | July 21] 8 A. 
7678 Apr.13 S M. 1780S Od. 27] 6 A. 1797 Junez5] 8 A. 
1764 | £3 | Apr. 1]10 M. 1780] Nov. 124 4M. /|{1795| @ | Dec. 4] 6 M. | 
[1764j Apr. 16 1 M. 7808 ors '6 A. [11798] S Mayz7 7 A. . 
17652 Mar. 2h 2 A. 1781 PL 8 M. [ 2119 OR. 211 4. 
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328. A Li 10 af Eels and bi kicn 2 which happened about thes 
15 V —_ NOW Wei 5 
Before Cunisr. 3 #1 
754} July 5] But 3 10 an old Calendar, this Reliphe of 
80 | * Sun was on the 2 iſt of April, on which day the 
7 27 Foundations of Rome were laid; if we may believe | 
A | Taruntins Firmanus. '' | | 
WG March 19 A total Eclipſe. of the Moon! The Arian 
- Empire at an end; the Babylonian eſtabliſhed. | 
585 May 28 An Eclipſe of the Sun foretold by TAELs, by nigeria! 
N which a peace was brought about between the THIN | 


OM: Iedes and Lydians. _ 
 $23|Fuly 16] An Eclipſe of the Moon, which \ was ; followed | 
„ by the death of CamBrs. | | | 2 
e ; 2 F | Before 
; ; 
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| The ſuperſti- 
tious notions 
of theantients 


Of Etlipfes. 


Before Carer; PR a 


* 19 


* 


| April 25 


Aug 3 


Augupt 27 
Au 14 


June 21 


7 ay Eclipſe of the 3 N was followed. 
| by the ſlaughter of the Sabines, * death of 
Valerius Publicola. 


An Eclipſe of the gun. The Perf 7 war, and 
the falling off of the Perfians from the Egyprians. 
An Eclipſe of the Moon, which was followed 


by a great famine at Rome; and the beginning of 
the Peloponnefian war. 


A total Eclipſe of the Sun. A Comet and Plague 
at Athens *, 


A total Eclipſe of the Moon. . Nicias with his 
ſhip deſtroyed at Syracuſe. 

An Eclipſe of the Sun. The Perfians beat by 
Conon in a ſea engagement. 


A total Eclipſe of the Moon, The next day „ 


Perſeus King of a was —_— by 
e __ | | „ 


After " VEN 


a 12 


lows x7 
May 4 


5... > x 
1 : 
— — — 


a 2 


band 30 | 
; the prodigies, on account of the murder of Agrip- 


and the E 


An Eclipſe of the Sun. This is lined among | 


pinus by Nero. 
A total Eclipſe of the Sun. A ſign that the reign 


| of the Gordiani would not continue long. A fixth | 


perſecution of the Chriſtians. © - 

An Eclipſe of the Sun: The Stars were ſeen, 
mperor Cunſtantius died. 
A dreadful Eclipſe of the Sun. And Lewis the 


Pious died within fix months after it. 


An Eclipſe of the Sun. And Feruſalem . by 
the Saracens. = 


A terrible Eclipſe of the Sun. The Stars were 


ſeen. A ſchiſm in the church, occaioned * we 
e U e er 1 5 


29. I have not cited one half of Riccior uss lit of poitentous 


1 I 8 e in we firſt year of the bu war. 


Bap and for the ſame reaſon that he declines giving any more 


with regard Of oy arm than what that liſt contains ; namely, that it is mon os 
t Eclipſes. 5 
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Of Eclipfer, 20 ol 


recable to dwell any longer on ſuch nonſenſe, and as much as poſſi- PLATE xi. 
de to avoid tiring the reader: the ſuperſtition f the antients may he EY 
ſeen by the few here copied. My author farther ſays, that there 

were treatiſes written to ſhew againſt what regions the malevolent 

effects of any particular Eclipſe was aimed: and the writers affirmed, 

that the effects of an Ecliple of the Sun continued as many years as the 

Eclipſe laſted hours ; and that of the Moon as many months, 

330. Vet ſuch idle notions were once of no ſmall advantage to very fortu.. 
CukisToOPHER CoLUMBUS ; who, in the year 1493, was driven on hte once for. 
the iſland of Jamaica, where he was in the 3 d ogg 


iſtrefs ſor want % 

of proviſions, and was moreover refuſed any aſſiſtance from the inhabit- Co.vn»y;, 

ants ; on which he threatened them with a plague, and told them, that 

in token of it, there ſhould be an Eclipſe : "_ accordingly fell on the 

day he had foretold, and ſo terrified the Barbarians, that they ſtrove who 

ſhould be firſt in bringing him all ſorts of proviſions z throwing them 

at his feet, and imploring his forgiveneſs. RiccioLus's Almageſt, 

Val, 5 4: th c. ii. | ; ; , [Ya 1 

331. Eclipſes of the Sun are more frequent than of the Moon, Why there 
becauſe the Sun's ecliptic limits are greater than the Moon's, 6 317 838 
et we have more viſible Eclipſes of the Moon than of the Sun, of thc oon 

auſe Eclipſes of the Moon are ſeen from all parts of that Hemi- than of the | 

ſphere of the Earth which is next her, and are equally great to each of 

thoſe parts; but the Sun's Eclipſes are viſible only to that ſmall porn 

of the Hemiſphere next him whereon the Moon's ſhadow. falls; as 

ſhall: be explained by and oy „„ 

332. The Moon's Orbit being elliptical, and the Earth in one of it's 

ſocuſes, ſhe is once at her leaſt diſtance from the Earth, and once at 

her greateſt, in every Luna ion. When the Moon changes at her big. 1. 

leaſt diſtance from the Earth, d ſo near the Node that her dark ſha- _ 

dow falls upon the Earth, ſhe appears big enough to cover the whole Tou and | 
* Diſc of = Sun from that part on which her ſhadow falls; and the p_ je 

Sun appears totally eclipſed there, as at A, for ſome minutes: but the Bun. 

when he Moon „ee. at her greateſt diſtance from the Earth, and 

ſo near the Node that her dark ſhadow is directed towards the Earth, 

her diameter ſubtends a leſs angle than the Sun's; and therefore ſhe 

cannot hide his whole Diſc from any part of the Earth, nor does her 

ſhadow reach it at that time; and to the place over which the point of 


„Although the Sun and Moon are 1 bodies, as ſeen from the Earth they 
3 to be circular planes; and ſo would the Earth do, if it were ſeen from the Moon. 
'The ap 


parently flat ſurfaces of the Sun and Moon are called their Diſa by Aſtro- 
100 5 e . ms 5 
B b 1 


Aomers., 


2 | - Wo ; n 
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PLATE XI. her [hddow Bains, the Eclipſe is annular, as at B; the Sun's edge 

Carin bs like a luminous ring all around the body of the Moon. 
Wen e Change ha =: ens within 17 degrees of the Node; and the 
Moon at her nen di * ce from the Earth, the point of her ſhadow 
| Juſt touches the Earth, and ſhe eclipſeth the Sun totally to that ſmall 
- ſpot whereon her fhadow falls; but the darkneſs i is hot of a moment . 
2 7 | 

The forget Z he Mons 8 Ab ibpldeit Naiticher wha largeſt cxcbetls the Sun's * 

duration of Wy bs jeatt only 1 mintite 38 ſecbnds of a degree: and in the; 
ws clipſes Eclipſe. of the Sun that Fr happen at any time and place, the "owl 
BE darkheſs continues no longer than whilſt the Moon is going 1 minute 
38 ſeconds from the Sun in her, Orbit ; which 18 about 3 minutes and 
| Conde of an Hou. | 
| Tohowmuch _ 334+ The Moors Alk Hadow erz diily ſpot on the Fatth's 
of the Earth dete about 180 Ex miles brokd, de che Moon's diameter 


partially no fb than the dark ſhadow Fe apy Yer the Mobn 8 Sartial Sh 
ecliped at dow or, PendthBita may then cover a Ciretilar tpace 4900 miles in . ä 
Hg meter, Within All Heel the e Süfr s mofe of letz ape as che laces are 


leſs $ of 77 Aiſtant from tle Ceriter!' of the Pendinbra. | | Then the 


Earth 2 8 middle of Ac general Bape; betadſe at that ue it 
| falls pe pendicularly on the Earth's ſurface”: but at every other mbiment 
it falls Wie ud will therkfore be dlipticat; and the more ſs, as 
the time is longer before or after the thiddle of che general Eclipſe ; 
159 F then, much r . of the Earth. 8 ſurface are involved in 
| Penumbra. | 
Duration of When th e Penümbra x: fit touches the Earth the neral 
general and 9 begins: e it fea 5 che Eart Gs general — er bl! 


Fare. fi [is the end 
ED E's Bal it's Ne” fly f place, the 
Eclipſe egins At that ace, and ends 185 che Penumbra leaves it. 
1 When the Noon change s in the Node; the Penumbra goes over the 
center of the Earth's oy as {cen from the Moon ; and conſequently, 
W eſcribin ng the. Tohgeſt line Path, ces the 
reſt, v n it; "namely, at 4 mean Fate, 5 hvars 76 wolnütes: more, 
if 1 be dt her greuteſt difthiick © mn the Path, becauſe the 
then moves Loweſt; *. if ſhe be at her leaſt diſtance, becauſe of 
her quic r motion. | 
. 336. To make the lalt fre anticles wy ſeveral other Phenomena = 
 Fig.11, Plainer, let S be the Sun, L the Earth, M the * and 1 P the . 
+ oon's 
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oon's Orbit, Draw the right line Vc 12 from the weſtern fide of 
20 Ms, Guß ing ehe weſtern, 2 of. 115 Moon at e, and the 
th at 12:; w allo the right, line V'd 12 from the eaſtefn ide of 
he 21 at Y, poghing the eaſtern { fide of the Moon at 2, and the 
at 12 : £ e dark. ſpace c £.12 4 included b between thoſe lines 1 18 
| 905 8 ſhad ow, ending in a poi it at 12, Where! it tout ves the The Moon's 
| ae in this caſe the Moon is ſuj poſed to change at M in dark thador, 
| een A the Apogee, or Kachel point of her Orbit from 
, 5 P the Perigree, or neareſt point to it. For, had.the 
Home been. at M. the 409 0 had ben. nearer the ove and oe 
lar w, at e would ave COYerec a ace u pon it out 1 o miles 
ro 15 5 5 the 800 Tee have been t otally dar 785 as at A 155 ig. I.) 
ſome bop e ance,: by yt had 1 the 41274 A (F 18. II.) been at A, 
gon would ere EE farther. from the Berge 922 Her ſhadow 
ye 1 ended i in a point about e, and therefore the Sun would | 
ave appeared, as at B (Fig. I.) like a luminous ring all around the and Penum- 
Meer, 1 the rightt nes WX9qh and Y Xc F. touchin the con- bra. 
ay, ſide the 8 5 and Moon, and ending oh the arth at a 
and py ER o of £ (fight, line SX M I2, from the center of the 
ue 5 Bic, 1 the Moon's center, to tt e Eaf th at 123 and 
| bog ſe e the; two ne lines, WX. 4 h and, JV. Xe to deholde on the line ; 
855 a8 an es and their DE @ and win deſcribe the limits 
Pg the, Pe on, the Farth's 1 including the 0 


0 4g 17 2 6% oder Me che 5y e more or less clip 


FE JW he Fe; 


NM as, the. 5 aj ,more, or Kl b Giſtant tei the e Verge « of the, eng 


40 
Drs W the tight line 12 agg ſs the Sun's ik, p erpe icular't SXM Digi what. 
He Ai 8 ge 1 N : . : de th Y 98 een gu 
Parts, as int the ure, for & t twelve * ig its © f'the Sun's « dia 
.apd, at.e 10 diſta es. f om | 6 pf, Mas he Penumbra. at 12 50 %he 

arth's ſy 9 to its edge 4 05. a twelve concentric! Cir cles, 
"as mar ed wit the num meral. "igures. I2 3 £ &c. and robe that 
the, 75 N en 8 motion. in her, Orbit AMP is from. Welt to caſt, EC Ho 
11 Ps 

To an ty rope oh n the 1 Earth at, b, the eaſtern | limb of the Moon at The different 

gens. 0 douc e Welte ra limb of the Sun at 12 when th e 55 3 - - 
18 a and. the Sun 8 iclipſe. begins at y Þ appearing as af A in 8 


* 


145 


5 


„ «SS k 22 11 15 


2 3 twelfth part of the diameter of the Sun and Mind, U 
B b 2 1 


an o ea, at ta i in Fig ig- I. "the weſtern, edge s of. 1 the Moon lat c leaves 


4 
| 
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PLATE XI, 


Of Eclipfes. 
the eaſtern edge of the Sun at 7 and the Eclipſe ends, as at the 


right hand C of Fig. III. At the very ſame inſtant, to all thoſe who 


live on the Circle marked 1 on the Earth E in Fig. II, the Moon -M 
cuts off or darkens a twelfth part of the Sun S, and eclipſes him one 
Digit, as at 1 in Fig. III: to thoſe who live on the Circle marked 2 in 
Fig. II, the Moon cuts off two twelfth parts of the Sun, as at 2 in 


Fig. III: to thoſe on the Circle 3, three patts; and ſo on to the cen- 


Fig. III. 


ter at 12 in Fig. II, where the Sun is centrally eclipſed, as at B in the 
middle of Fig. III; under which Figure there is a ſcale of hours and 


minutes, to ſhew at a mean ſtate how long it is from the beginning to 


the end of a central Eclipſe of the Sun on the parallel of London; and 


how many Digits are eclipſed at any particular time from the begin- 


ning at A to the middle at B, or the end at C. Thus in 16 minutes 
from the beginning, the Sun is two. Digits eclipſed; in an hour and 


6 f 


Fig. II. 


* 
* 


The Velocity 
of the Moon's 


© ſhadowon the 


Earth, 


five minutes, eight Digits; and in an hour and thirty-ſeven minutes, 
n „ 


337. By Fig. II. it is plain, that the Sun is totally or centrally eclipſed 


but to a ſmall part of the Earth at any time; becauſe the dark conical 
ſhadowe of the Moon M falls but on a ſmall. part of the Earth: and 


that the partial Eclipſe is confined at that time to the ſpace included 
by the Circle 2.0 &, of which only one half can be projected in the 
Figure, the other half being ſuppoſed to be hid by the convexity of the 
Earth E: and likewiſe, that no part of the Sun is eclipſed. to the large 
ſpace 1'Y of, the Earth, becauſe the Moon is not between the Sun and 
any of that part of the Earth: and therefore to all that part the Eclipſe 
is inviſible. The Earth. turns eaſtward on it's Axis, as from g to b, 


which is the ſame way that the Moon's ſhadow moves; but the Moon's 
motion is much ſwifter in her Orbit from to ?: and therefore, although 
Eclipſes of the Sun are of longer duration on account of the Earth's 
motion on it's Axis than they would be if that motion was ſtopt, yet 
in four minutes of time at moſt, the Moon's ſwifter motion carries 
her dark ſhadow quite over any place that it's center touches at the 


time of greateſt obſcuration. The motion of the ſhadow on the Earth's 


Diſc is equal to the Moon's motion from the Sun, which is about 40% 
minutes of a degree every hour at a mean rate; but ſo much of the 
Moon's Orbit is equal to 30+ degrees of a great Circle on the Earth, 
8 320; and therefore the Moon's ſhadow goes 305 degrees or 1830 
geographical miles on the Earth in an hour, or 30 miles in a 
minute, which is almoſt four times as ſwift as the motion of a 


cannon-ball, .. 0 eee e en e 
91 


338. As 


— - — 1 
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338. As ſeen from the Sun or Moon, the Earth's Axis appears dif- PLATE xl. 
ferently inclined every day of the year, on account of keeping it's | 

paralleliſm throughout it's annual courſe. Let E, D, O, N be the Fig. Iv. 


Earth at the two Equinoxes and the two Solſtices, N'S it's Axis, N | 
the North Pole, & the South Pole, Ag, the Equator, T the Tropic 


of Cancer, , the Tropic of Capricorn, and AB C the Circumference Fhenomenao 


* 


of the Earth's enlightened Diſc as ſeen from the Sun or New Moon ** . 
at theſe times. The Earth's Axis has the poſition NES at the Sun or New 
vernal Equinox, lying towards the right hand, as ſeen from the Sun Voon at dit- 
or New Moon; it's Poles N and & being then in the Circumference of 50 — 
of the Diſc; and the Equator and all it's parallels ſeem to be ſtraight | 
lines, becauſe their planes paſs through the obſerver's eye looking 

down upon the Earth from the Sun or Moon directly over E, where 

the Ecliptic FG interſects the Equator . At the Summer Solſtice, 

the Earth's Axis has the poſition NV DS; and that part of the Eclip- 
tic FG, in which the Moon is then New, touches the Tropic of 

Cancer Tat D The North Pole N at that time inclining 235 de- 
grees towards the Sun, falls ſo many degrees within the Earth's en- 
lightened Diſc, becauſe the Sun is then vertical to D, 234 degrees 
north of the Equator 2; and the Equator with all it's parallels 
ſeem elliptic curves bending downward, or towards the South Pole, as 

ſeen from the Sun: which Pole, together with 235 degrees all round + 

it, is hid behind the Diſc in the dark Hemiſphere of the Earth. At 

the autumnal Equinox, the Earth's Axis has the poſition NO S, lying 

to the left hand as ſeen from the Sun or New Moon, which are then 
vertical to O, where the Ecliptic cuts the Equator A Q, Both Poles 

now lie in the circumference of the Diſc, the North Pole juſt going to 
diſappear behind it, and the South Pole juſt entering into it ; and the 
Equator with all it's parallels ſeem to be ſtraight lines, becauſe their 

planes paſs through the obſerver's eye, as ſeen from the Sun, and very 

nearly ſo as ſeen. from the Moon. At the Winter Solſtice, the Earth's 

Axis has the poſition NN S; when it's South Pole & inclining 237 

d&grees toward the Sun, falls 234 degrees within the enlightened Diſc, 

as ſeen from the Sun or New Moon, which are then vertical to the 
Tropic of Capricorn #, 234 degrees ſouth of the Equator AQ; and 

the Equator with all it's parallels ſeem elliptic curves bending upward 

the North Pole being as far hid behind the Diſc in the dark Hemiſphere, 

as the South Pole is come into the light. The nearer that any time of 

the year is to the Equinoxes or Solſtices, the more it partakes of the 
Phenomena relating to them. = OT. 


339. Thus 
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ferent times h 1. 1 nr eee 
ofthe year, will be ſufficient to convince. the reader, that the Earth's Axis inclines 


Teen, from the Sun; and the contrary from the Summer to the Winter 


How, theſe | 340. The different ; poſitions of the Earth's Axis, as. ſeen from the 
a lr Sun at different times of the year, affect ſolar Eclipſes greatly. with | 
Eclipies, tegard to particular places; yea ſo far as would make central Eclipſes 


Fig. IV. | In the ſame Diagram, let FG be part of the Ecliptic, and 7 K. 


; Lien 2 44h, 3. 
one and the ſame Node at the above times, when, the Farth has the 


2whoſe Node is at D) the Penumbra has it 5 0 at. D, on the Tropic 


— * _ 
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Earth at A, fiofth of the Tropic of Cancer T, and leaves it at m, 
ſouth of the Tropic of Capricorn ?; having gone over the Earth ob- 
Tiquely ſouthward, as it's center defcribed the line AOm: whereas, in 
the latter caſe, the Penumbra touches the Earth at u, ſouth of the 
Equator 2; and deſctibing the line = E (ſimilar to the former 
tine AOm in open ſpace) goes obliquely northward over the Earth, 
and leaves it at 9g, north of the Equator. | | 
In all theſe circumſtances, the Moon has been. ſuppoſed to change 
at noon in her deſcending Node: had ſhe changed in her aſcending 
Node, the Phenomena would have been as various the contrary: way, 
with reſpect to the Peniimbra's going northward or ſouthward over the 
Earth. But beeauſe the Moon changes at all hours, . as often in one 
Node as in the other, and at all diſtances from them both at different 
times as it happens; the variety of the Phaſes of Eclipſes are almoſt 
innumerable, even at the fame places; conſidering alſo how variouſly 
the ſame places are ſituated on the enlightened Diſc of the Earth, with 
Aer a to the Penumbra's motion, at the different hours when Eclipſes 
341. When the Moon changes 17 degrees ſhort of her deſcending How much of 
Node, the Penumbrà P 18 juſt touches the northern part of the Earth's 1 
Diſe, near the Nerth Pele N; and, as ſeen from that place, the Moon a 
appears to touch the Sun, but hides no part of him from fight, ferent diſtan- 
Had the Change been as far ſhort of the aſcending Node, the Node he 
Penumbra would hive touched the ſouthern part of the Diſc near 
the South Pole S. When the Moon changes 12 degrees ſhort of 
+ the deſcending Node, more than a third part of the Penumbra P 12 
falls on the northern parts of the Earth at the middle of the general 
Eclipſe : had the changed as far paſt the ſame Node, as much of 
the other fide of the Penumbra about P would have fallen on the 
ſouthern part of the Earth; all the reſt in the expanſum, or open 
ſpace. en the Moon changes 6 degrees from the Node, almoſt - 
the whole Penumbra P6 falls on the Earth at the middle of the 
general Eclipſe. And laſtly, when the Moon changes in the Node at V. 
e Penumbra PN takes the longeſt courfe poſſible en the Earth's 
'Dife 5, it's center falling on the middle thereof, at the middle of the 
general Eclipſe. The farther the Moon changes from either Node, 
within 17 degrees of it, the ſhorter is the Penumbra's contitmance ion 
the mm becauſe it goes over a lefs portion of the Diſe, as is evident 
i Med UC IIS eee 2 1 5 
1 The nearer that the Penumbra's center is to che Equator at 
the middle of the general Eclipſe, the longer is the duration of the 
l 2 | . Eclipſe 
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The Earth's ' Eclipſe at all thoſe places where it is centtal; becauſe, the nearer 
5 e that any place is to the Equator, the greater is the Circle it deſcribes 
che dulstion by the Earth's motion on it's Axis: and fo, the place moving quicker, 
of ſolar E- keeps longer in the Penumbra, whoſe motion is the ſame way with that 
enpſes, which of the place, though faſter, as has been already mentioned, $ 337. 
the polar Cir- Thus (ſee the Earth at D and the Penumbra at 12) whilſt the point & 
cles. in the polar Circle abcd is carried from 6 to c by the Earth's diurnal 
motion, the point d on the Tropic of Cancer T is carried a much 
greater length from d to D: and therefore, if the Penumbra's center 
goes one time over c and another time over D, the Penumbra will be 
longer in paſſing over the moving place d than it was in paſling over the 
moving place 3. Conſequently, central Eclipſes about the Poles are of 
the ſhorteſt duration; and about the Equator of the longeſt. 5 

- And ſhortens: 343. In the middle of Summer, the whole frigid Zone included 
the duration by the polar Circle abcd is enlightened; and if it then happens that 

fall within the Penumbra's center goes over · the North Pole, the Sun will be 
theſe Circles. eclipſed much the ſame number of Digits at @ as at c; but whilſt the 
Penumbra moves eaſtward over c, it moves weſtward over a, becauſe, 
with reſpect to the Penumbra, the motions of @ and c are contrary : 

for © moves the ſame way with the Penumbra towards d., but a 
moves the contrary way towards 5; and therefore the Eclipſe will be 
of longer duration at c than at a. At à the Eclipſe begins on the Sun's 

eaſtern limb, but at c on his weſtern: at all places lying without the 
polar Circles, the Sun's Eclipſes begin on his weſtern limb, or near 
it, and end on or near his eaſtern. At thoſe places where the Penum- 
bra touches the Earth, the Eclipſe begins with the rifing Sun, on the 
top of his weſtern or uppermoſt edge; and at thoſe places where the 
Penumbra leaves the Earth, the Eclipſe ends with the ſetting Sun,. on 
the top of his eaſtern edge, which is then the uppermoſt, juſt at it's 
difappearing in the Horizon. FO 553 5 
The Moon 344. If the Moon were ſurrounded by an Atmoſphere of any con- 
has no Atmo- ſiderable Denſity, it would ſeem to touch the Sun a little before the 
here. Moon made her appulſe to his edge, and we ſhould ſee a little faint- 
neſs on that edge before it were eclipſed by the Moon: but as no ſuch 
>faintneſs has been obſerved, at leaſt ſo far as I ever. heard, it ſeems 
plain, that the Moon has no ſuch Atmoſphere as that of the Earth. 
be faint ring of light ſurrounding the Sun in total Eclipſes, called by 
Cant la Chevelure du Soleil, ſeems to be the Atmoſphere of the 
Sun; becauſe it has been obſerved to move equally with the Sun, not 

J 1 1 


f 345. Having | 
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345. Having been fo prolix concerning Eclipſes of the Sun, we PLATE xi, 
thall drop that ſubject at preſent, and proceed to the doctrine of | 
lunar Eclipſes ; which, being more ſimple, may be explained in leſs 
time. | 

That the Moon can never be eclipſed but at the time of her being Eclipſee of 
Fall, and the reaſon why ſhe is not eclipſed at every Full, has been e Moon. 
ſhewn already, F 316, 317. Let S be the Sun, E the Earth, RR the 
Earth's ſhadow, and B the Moon in oppoſition to the Sun : in this Fig. 11. 
ſituation the Earth intercepts the Sun's light in it's way to the Moon; 
and when the Moon touches the Earth's ſhadow at v, ſhe begins to be 

_ eclipſed on her eaſtern limb x, and continues eclipſed until her weſtern 
limb y leaves the ſhadow at w: at B ſhe. is in the middle of the 
ſhadow, and conſequently in the middle of the Eclipſe. | 

346. The Moon when totally eclipſed is not inviſible, if ſhe be 

above the Horizon and the Sky be clear; but en generally of a 

duſky colour like tarniſhed copper, which ſome have thought to be 

the Moon's native light. But the true cauſe of her being viſible is the Why the 

ſcattered beams of the Sun, bent into the Earth's ſhadow by going Moen is — 

through the Atmoſphere; which, being more denſe near the Earth Eclipſe ” 

than at conſiderable heights above it, refracts or bends the Sun's rays | 

more inward, 5 179, the nearer they are paſſing by the Earth's ſurface, 

than thoſe rays which go through higher parts of the Atmoſphere, 

where it is leſs denſe according to it's height, until it be fo thin or 

rare as to loſe it's refractive power. Let the Circle f'g hz, concentric 

to the Earth, include the Atmoſphere whoſe refractive power vaniſhes 

at the heights F and i; ſo that the rays Y/f wv and Vi u go on ſtraight 
without ſuffering the leaſt refraction : But all thoſe rays which enter 

the Atmoſphere between F and &, and between 7 and i, on oppoſite 

ſides of the Farth, are gradually more bent inward as they go through 

a greater portion of the Atmoſphere, until the rays V and V touchin 

the Earth at M and u, are bent ſo much as to meet at 9, a little ſhort of 

the Moon; and therefore the dark ſhadow of the Earth is contained in 

the ſpace m 0q pr, where none of the Sun's rays can enter: all the reſt 

RR, being mixed by the ſcattered rays which are refracted as above, 

is in ſome meaſure enlightened by them; and ſome of thoſe rays falling 
on the Moon, give her the colour of tarniſhed copper, or of iron 
red hot. So that if the Earth had no Atmoſphere, the Moon would be 

as inviſible in total Eclipſes ag the is when New. If the Moon were 
ſo near the Earth as to go into it's dark ſhadow, noon about p o, 

ſhe would be inviſible during her ſtay in it; but viſible before and 
after in the fainter ſhadow RR. e = 

| C £ 2337. When 


„ 


PLATE XI. 347. When the Moon goes through the center of the Earth 5 
Why the Sun ſhadow, ſhe is directly oppoſite to the Sun: yet the Moon has been 
2 — often ſeen totally eclipſed in the Horizon when. the Sun was alſo viſible 
able when che in the oppoſite: part of it: for, the horizontal refraction being almoſt 
ar 9 . 4 minutes of a degree, F 181, and the diameter of the Sun and 
N Fe Moon being each at a mean tate but 32 minutes, the refraction cauſes 


bath Buna to, appear above the Horizon when they are really 


bln it, 4 
Fig. v. en the Moon is Full at 12 degrees fem either of her 
| Note ſhe; juſt touches the Earth's ſhadow, but enters not into it. 
Let & H be the Eclij tic, f the Moon's Orbit where the is 12 degrees 
from the Node at her Full; cd her Orbit where the is 6 degrees 
| from the Node, a & her Orbit where ſhe is Full in the Node, AB the 
Duration of Earth's ſhadow, and M the Moon. When the Moon deſcribes the 
Felipe of line ef, the juſt touches the ſhadow, but does not enter into it ; when 
the oon. ſhe deſcribes the line c d, ſhe is totally though not centrally immerſtd 1 in 
e o ſhadow ; and when ſhe deſcribes the line a b, the paſſes by the Node 
f of at M in the center of the ſhadow, and takes the longeſt line poſſible, 
VP hich js a diameter, through it: and ſuch an Eclipſe being both total 
and central is of the longeſt duration, namely, 3 hours 57 minutes 


6 ſeconds from * 0 tothe end, if the Moon be at her greateſt 


diſtanee from the | and 3 hours 37 minutes 26 ſeconds, if ſhe be 
at her 25 diſtance. The reaſon of XK difference is, that when the 
Moon. is fartheft from ie Earth, ſhe moyes flowelt ; and when neareſt 
bi quickeſt. 8 
Digits. 9. The Moon 8 e as well as the Sun's, is fappaſed to be 


dee into twelve equal parts, called Digits; and ſo many of theſe 
rts as are, n by the Farth's ſhadow, ſo many Digits is the 
Niben gel eclipſed, All that the Moon is eclipſed above 12 Digits, ſhew 
how far the 2 of the Earth is over the body of the Moon, on 

that edge to which ſhe is neareſt at the middle of the Eclipſe. 
Why the dec... 359. It is difficult to obſerve exactly either the beginning or ending 
ning and of a, lunar Eclipſe, even with a good Teleſcope ; becauſe the Earth's 
Eclipſe 17 hadow. 1s ſo faint, and ul defined about the edges, that when the Moon 
difficult to be jg_ either juſt touching or leaving it, the obſcuration of her limb is 
: age mrs 4 ſcarce, ſenfible; and therefore the niceſt obſervers can hardly be certain 
den. to four or five ſeconds of. time. But both the beginning and ending 
of ſolar Eelipſes are vifibly inftantaneous ; for the moment that the 
edge of the Men's $ Diſc touches the Sun's, his roundneſs ſeems a 
| little broke on that part; and ond moment ſhe leaves it, he xppears 

perfectly. round again, To a ie rr 

EY 5 RES | | 2 1. In 


351. In Aſtronomy, Eclipſes of the Moon are of great uſe for The uſe of 
aſcertaining the periods of her motions; eſpecially ſuch Eclipſes as Hfipfes in 
are obſerved to be alike in all circumſtances, and have long intervals of — 
time between them. In Geography, the Longitudes of places are and Chrone- 
found by Eclipſes, as already ſhewn in the eleveſith chapter: but for 7 

this purpoſe Eclipſes of the Moon are more uſeful than thoſe of the 
Sun, becauſe they are more frequently viſible, and the fame lunar 
Eclipſe is of equal largeneſs and duration at all places where it is ſeen. 

In Chronology, both ſolar and lunar Eclipſes ſerve to determine ex- 

actly the time of any paſt event: for there are ſo many particulars 
obſervable in every Eclipſe, with reſpe& to it's quantity, the places 

where it is vifible (if of the Sun) and the time of the day or night ; 

that it is impoſſible there can be two ſolar Eclipſes in the courſe of 

many, ages which are alike in all circumſtances. 8 | 

352. From the above explanation of the doctrine of Eclipſes it is The darkneſs 
evident, that the darkneſs at our Saviour's crucifixion was ſuper- at our Savr- 
natural. For he ſuffered on the day on which the Paſſover was eaten by br och . 
the Fews, on which day it was impoſtible that the Moon's ſhadow could: natural. 
fall on the Earth; for the Jeus kept the Paſſover at the time of 

Full Moon: nor does the darkneſs in total Eclipſes of the Sun laſt 

above four minutes in any place, & 333, whereas the darkneſs at the 
crucifixion laſted three hours, Matti xxviii. 15. and: overſpread! at 


"CH A PF. XEE | 

Sbewing the: Principles on: which the following' Aftronemicab 
Tables are conflrubted; and the Method" of caleulatingy the 
Times of New and Full Moons and Kell by them. . 


353. HE. nearer that any object is to the eye of an obſerver, the 
er T greater is the angle under which it appears: the farthar 
from tthe:eye,; the le.. in ed; oi er 
The diameters of the Sun and Moon ſubtend different angles at 
different times. And, at equal intervals of time, theſe angles are 
once at the greateſt; and once at the leaſt, in ſomewhat more than a 
compleat revolution of the Luminary through the Ecliptic, from any 
given fixed Star to the ſame Star again. This proves that the Sun and 
Moon are conſtantly changing their 1 from the Earth; 2 
N N | C'2 t 


| goes through the Eeliptic, en 


The Principles of the follmwing Tables. 


f 


that they are once at their greateſt diſtance, and onee at their leaſh, bb. 


little more than a compleat revolution. 
The gradual differences of theſe angles are not het they would be, 


if the Luminaries moved in circular Orbits, the Earth being ſuppoſed 
to be placed at ſome diſtance from the center: but they agree perfectly 


with elliptic orbits, ſuppoſing the lower focus of each orbit to be at the 
center of the Earth. | 
The fartheſt point of each Orbit from the Earth's center is called 
the Apegee, and the neareſt point is called the Perigee. — Theſe points 
are directly oppoſite to each other. 
' Aſtronomers divide each Orbit into 12 equal parts, called Signs; | 
each ſign into 30 equal parts, called Degrees ; each degree into 60 
equal parts, called Minutes; and every minute into 60 equal parts, 
called Seconds. The diſtance of the Sun or Moon: from any given 


Point of it's orbit, is reckoned in ſigns, degrees, minutes, and ſeconds. 


Here we mean the diſtance that the Luminary has moved through 


from any given point; not the ſpace it is ſhort ne in coming 


round again, though ever ſo little. 

The diſtance of the Sun or Moon from it's Apoges, at any given 
time, is called its mean Anomaly : fo that, in the Apogee, the anomaly: 
8 nothing; in the Perigee, it is fix ſigns. 

The motions of the Sun and Moon are obſerved to be continually 


# accelerated from the Apogee to the Perigee, and as gradually 'retarded- 


from the Perigee to the Apogee; being ſloweſt of all when the 
mean anomaly is nothing, and ſwiftelt of all when it is fre - 
figns. | 
When the Luminary i is in it's ons or Perigee, it's place is the 


name as it would be, if it's motion were equable in all parts of it's. 


Orbit, The ſu led uable motions. are called ee the u uable 
are juftly les he 9 MA 


The mean place of the Sun or Moon, i is always forwarder than the 
true place *, whilſt the Luminary is moving from it's Apogee to it's 
Perigee ; and the true place is always forwarder than the mean, whilſt 
the Luminary is moving from it's Perigee to it's Apogee. —lIn the for- 


mer caſe, the TROP is always leſs than fix figns; and 1 in the latter 
caſe, more. . 


It has den found, by a lon marie of odicrinatare; cas the Sin 
"the Vernal Equinox to the fame Equinox 


* The. point of the Ecliptic in which the Sun or Moon is, at "P given moment of | 
time, is called the place of the Sun or Moon at that time. - 


The Principles of the following Tables. 


again, in 365 days. 5 hours 48 minutes 55 ſeconds: from the firſt 
Star of Aries to the ſame Star again, in 365 days 6 hours 9 minutes 


24 ſeconds: and from his Apogee to the ſame again, in 365 days 


6 hours 14 minutes o ſeconds.—The firſt of theſe is called the Solar 
Year, the ſecond the Sydereal Year, and the third the Ancmalifiic Tear. 


So that the Solar Year is 20 minutes 29 ſeconds ſhorter than the 


given fixed Star to the ſame Star again, in 27 days 7 hours 43 minutes 


Sydereal ; and the Sydereal Year is 4 minutes 36 ſeconds ſhorter than 
the Anomalaſtice.— Hence it appears, that the Eguinoctial Point, or 
interſection of the Ecliptic and Equator at the beginning of Aries, goes 
backward with reſpect to the fixed Stars, and that the Sun's Apogee 
goes forward. 


It is alſo obſerved, that the Moon goes 3 her Orbit, from any 


4 ſeconds, at a mean rate: from her Apogee to her Apogee again, in 
27 days 13 hours 18 minutes 43 ſeconds: and from the Sun to the 


Sun again, in 29 days 12 hours 44 minutes 3 ſeconds.— This 


ſhews, that the Moon's. Apogee moves forward in the Ecliptic, and 
that at a much quicker rate than the Sun's Apogee does; ſince the 
Moon is 5 hours 55 minutes 39 ſeconds longer in revolving from her 


Apogee to her Apogee again, than from any Star to- the ſame Star 


n. 

ET be Moon's Orbit croſſes the Ecliptie in two oppoſite points, which 
are called her Nodes: and it is obſerved that ſhe revolves ſooner from 
any Node to the ſame Node again, than from any Star to the ſame 
Star again, by 2: hours 38 minutes 27 ſeconds, which ſhews that 
her Nodes move backward, or contrary to. the order of ſigns, in the 


_ Ecliptic. 


without allowing for the Moon's acceleration. 


The time in which the Moon revolves frem the Sun to the Sun 
again (or from change to change) is called a Lunation; which, ac- 


cording. to Dr. PounD's mean meaſures, would always conſiſt of 


29 days 12 hours 44 minutes 3 ſeconds 2 thirds 58 fourths, if the 


motions of the Sun and Moon were always equable “. Hence, 
12 mean Lunations contain 3 54 days 8 hours 48 minutes 36 ſeconds 


35 thirds 40 fourths, which is 10 days 21 hours 11 minutes 23 ſeconds 
24 thirds 20 fourths leſs than the length of a common Julian year, 


_ conſiſting of 365 days 6 hours: and 13 mean Lunations contain 383 days 
21 hours 32 minutes 39 ſeconds 38 thirds 38 fourths, which exceeds- 


We have thought proper to keep by Dr. Pound's. length of a mean Lunation, 
becauſe his numbers come nearer to the times of antient Eclipſes, than Meyer's do. 


the 
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The Principles of the following Tables, | 
the length of a common Julian year, by 18 days 15 hours 32 minutes 


39 ſeconds 38 thirds 38 fourths 


The mean time of New Moon being found for any given year and 
month, as ſuppoſe for March 1700, Old Stile, if this mean New Moon 
falls later than the 11th day of March, then, 12 mean Lunations added 
to the time of this mean New Moon, will give the time of the mean 
New Moon in March 1701, after having thrown off 365 days.— But, 
when the mean new Moon happens to be before the 11th of March, 
we muſt add 13 mean Lunations, in order to have the time of mean 
New Moon in March the year following: always taking care to ſub- 


tract 365 days in common years, and 366 days in leap- years, from the 
ſum of this addition. \ 1 e 


Thus, A. D. 1700, Old Stile, the time of mean New Moon in 


March was the 8th day, at 16 hours 11 minutes 25 ſeconds after the. 


noon of that day (viz. at 11 minutes 25 ſeconds paſt IV in the morn- 
ing of the gth day, according to. common reckoning.) To this we 
muſt add 13 mean Lunations, or 383 days 21 hours 32 minutes 
39 ſeconds: 38 thirds 38 fourths, and the ſum will be 392 days 
13 hours 44 minutes 4 ſeconds 38 thirds 38 fourths; from which 
ſubtract 365 days, becauſe the year 1701 is a common year, and 
there will remain 27 days 13 hours 44 minutes 4 ſeconds 38 thirds 
38 fourths for the time of mean New Moon in- March, A. D. 
1701. 2 ü E b 6 | e Ws ; N 

| — this addon and ſubtraction till A. D. 27043, we find 
the time of mean New Moon in March that year, to be on the 
6th. day, at 7 hours 21 minutes 17. ſeconds: 49 thirds 46 fourths 
paſt noon; to which add 13 mean Lunations, and the ſum will be: 
390 days 4 hours 53 minutes 57 ſeconds 28 thirds 20 fourths; 
from which ſubtract 366 days, becauſe the year 1704 is a leap-year, 

and there will remain 24. days 4 hours 53 minutes 57 ſeconds 


28 chirds 20 fourths, for the time of mean New Moon in March, 
VA. D. 1704. | 5 | 


In this manner was the firſt of the following Tables conſtructed 
to ſeconds, thirds- and fourths; and then wrote out to the neareſt 


| ſeconds. — The reaſon why we choſe to begin the year with March, 
was to avoid the inconvenience of adding a day to the tabular time in 


leap-years- after February, or ſubtracting a day therefrom in January 
and February in thoſe years; to which all tables of this kind are ſubject, 
which begin the year with January, in calculating the times of New 


or Full Moons. 


The 
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The mean anomalies of the Sun and Moon; and the Sun's mean 
motion from the aſcending Node of the Moon's Orbit, are ſet down in 
Table III. from one to 13 mean Lunations. —<Theſe numbers, for 
13 Lunations, being added to the radical anomalies of the Sun and 
Moon, and to the Sun's mean diſtance from the aſcending Node, at 
the time of mean New Moon in March 1700, (Table T.) will give 
their mean anomalies, and the Sun's mean diſtance from the Node, at 
the time of mean New Moon in March 1701 ; and being added for 
12 Lunations to thoſe for 1701, give them for the time of mean New 
Moon in Mareh 1702. And fo on, as far as you pleaſe to continue 
the Table (which is here carried on to the year 1800) always throwing 
off 12 ſigns when their ſum exceeds 12, and ſetting down the remain- 
der as the proper quantity. | | | Ons 

If the numbers belonging to A. D. 1700 (in Table I.) be ſub- 
trated from thoſe belonging to 1800, we ſhall have their whole dif- 
ferences in 100 compleat Julian years; which accordingly we find to 
be 4 days 8 hours 10 minutes 52 ſeconds 15 thirds 40 fourths, with 


reſpe& to the time of mean New Moon.—Theſe being added together 


60 times (always taking care to throw off a whole Lunation when the 
days exceed 297) make up 60 centuries, or 6000 years, as in Table VI, 


which was carried on to ſeconds, thirds, and fourths; and then wrote | 


out to the neareſt ſeconds. In the ſame manner were the reſpective 


anomalies and the Sun's diſtance from the Node found, for theſe cen- 


turial year ; and then (for want of room) wrote ont only to the neareſt 


minutes, which is ſufficient in whole centuries. —By means of theſe 


two Tables, we may find the time of any mean New Moon in March, 

together with the anomalies of the Sun and Moon, and the Sun's 
_ diſtance from the Node, at theſe times, within the limits of 6000 
years, either before or after any given year in the 18th century; and 
the mean timie of any New or Full Moon in any given month after 
March, by means of the third and fourth Tables, within the ſame 
limits, as ſhewn in the precepts for calculation. | 


Thus it would be a very eaſy matter to calculate the time of any 
New or Full Moon, if the Sun and Moon moved equably in all parts of 


their Orbits. But we have already ſhewn that their places are never the 
ſame as they would be by equable motions, except when they are in 
Apogee or Perigee ; which is, when their, mean anomalies are either 
nothing, or ſix ſigns: and that their mean places are always forwarder 
than their true places, whilſt the anomaly is leſs than fix ſigns; and 


their true places are forwarder than the mean, whilſt the anomaly 1s 
more. : 8 


Hence 
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the Moon's orbit. | _ 8 
I his compound equation would be ſufficient for reducing the mean 
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Hence it is evident, that whilſt the Sun's anomaly is leſs than fix 
ſigns, the Moon will overtake him, or be oppoſite to him, ſooner than 
ſhe could if his motion was equable ; and later whilſt his anomaly is 
more than fix ſigns.—The greateſt difference that can poſſibly happen 
between the mean and true time of New or Full Moon, on account of 
the inequality of the Sun's motion, is 3 hours 48 minutes 28 ſeconds: 


and that is, when the Sun's anomaly is either 3 ſigns 1 degree, or 


8 ſigns 29 degrees; ſooner in the firſt caſe, and later in the laſt.— In 
all other ſigns and degrees of anomaly, the difference is gradually leſs, 
and vaniſhes when the anomaly is either nothing or fix ſigns. 
The Sun is in his Apogee an the zoth of June, and in his Perigee 
on the 3oth of December, in the preſent age: fo that he is nearer the 
Earth in our winter than in our ſummer.—The proportional difference 
of diſtance, deduced from the difference of the Sun's apparent diame- 
ter at theſe times, is as 983 to 117. ri as: 
The Moon's orbit is dilated in winter, and contraſted in ſummer; 
therefore, the Lunations are longer in winter than in ſummer. The 
eateſt difference is found to be 22 minutes 29 ſeconds: the Lunations 
increaſing gradually in length whilſt the Sun is moving from his Apogee 
to his Perigee, and decreaſing in length whilſt he is moving from his 
Perigee to his Apogee. On this account, the Moon will be later every 
time in coming to her conjunction with the Sun, or being in oppoſi- 
tion to him, from December till June, and ſooner from June till 
December, than if her orbit had continued of the ſame ſize all the year 
As both theſe differences depend on the Sun's anomaly, they may be 
fitly put together into one Table, and called The annual, or * 
of the mean to the true * fyzygy (ſee Fable VII.) This equational 
difference is to be ſubtracted — the time of the mean ſyzygy when 
the Sun's anomaly is leſs than ſix ſigns, and added when the anomaly 
is more. — At the greateſt, it is 4 hours 10 minutes 57 ſeconds, vi. 
3 hours 48 minutes 28 ſeconds, on account of the Sun's unequal 
motion, and 22 minutes 29 ſeconds, on account of the dilatation of 


time of New or Full Moon to the true time thereof, if the Moon's 
orbit were of a circular form, and her motion quite equable in 
it. — But the Moon's orbit is more elliptical than the Sun's, and her 
motion in it ſo much the more unequal. The difference is ſo great, 


— The word hy ſignifies both the conjunction and oppoſition of the Sun and 
Moon. | 
11 | | that 


* 1 
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that ſhe is ſometimes in conjunction with the Sun, or in oppoſition 
to him, ſooner by 9 hours 47 minutes 54 ſeconds, than ſhe would be 
if her motion were equable; and at other times as much later, The 
former happens when her mean anomaly is ꝙ ſigns 4 degrees, and the 

latter when it is 2 ſigns 26 degrees. See Table IX. 
At different diſtances of the Sun from the Moon's Apogee, the figure 
of the Moon's orbit becomes different.—It is longeſt of all, or moſt 
excentric, when the Sun is in the fame ſign and degree either with the 
Moon's Apogee or Perigee ; ſhorteft of all, or leaſt excentric, when 
the Sun's «diſtance from the Moon's Apogee is either three ſigns 
or I z and at - mean ſtate when the diftance is either 
1 ſign 15 degrees, 4 ſigns 15 degrees, 7 ſigns 15 degrees, or 
10 ſigns 15 degrees. — When he Moon's ie. is A it's x greateſt 
excentricity, her apogeal diſtance from the Earth's center is -to her 
| Perigeal diſtance therefrom, as 1067 is to 9333 when leaſt excen- 
. tric, as 1043 is to 957; and when at the mean ſtate, as 1055 is 

ü bn e 

To Bu the Sun's diſtance from the Moon's Apogee is equal to the quan- 
tity of the Moon's mean anomaly at the time of New Moon, and by 
the addition of fix ſigns, it becomes equal in quantity to the Moon's 
mean anomaly at the time of Full Moon. Therefore, a table may be 
conſtructed ſo as to anſwer to all the various inequalities depending on 
the different excentricities of the Moon's orbit, in the ſyzygies; and 
called The ſecond equation: of the meanito the true ſyzygy (ſee Table IX.) 
and the Moon's anomaly, when equated by Table VIII, may be made 
the proper argument for taking out this fecond equation of time; 
which muſt be added to the former equated time, when the Moon's 
anomaly is leſs than fix figns, and [ſubtracted when the anomaly is 
There are ſeveral other inequalities in the Moon's motion, which 
ſometimes; bring on the true fyzygy a little ſooner, and at other times 
keep it back a little later, than it would otherwiſe be: but they are ſo 
- ſmall, that they may be all omitted except two; the former of which 
(/ee Table X.) depends on the difference between the anomalies of che 
Sun and Moon in the ſyzygies, and the latter (ſee Table XI.) depends 
on the Suns diſtance from the Moon's Nodes at theſe times. The 
greateſt difference ariſing from the former, is 4 minutes 5 8 ſeconds; 

and from the latter, 1 minute 34 ſeconds. g N 
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The Principles of the following Tables. 


Having | deſeribed the Phenomena arifing from the inequalities of the Solar 
and Lunar Motions, we ſhall now ſhew the reaſons of theſe inequalities. 


In all calculations relating to the Sun and Moon, we conſider the Sun 
as a moving body, and the Earth as a body at reſt; ſince all the ap- 
- pearances are the ſame whether it be the Sun or the Earth that 
moves. But the truth is, that the Sun is at reſt, and the Earth moves 
round him once a year, in the plane of the Ecliptic. Therefore, what- 
ever ſign and degree of the Ecliptic the Earth is in, at any given time, 
the Sun will then appear to be in the oppoſite ſign and degree. 
The nearer that any body is to the Sun, the more it is attracted by 
him; and this attraction increaſes as the ſquare of the diſtance di- 


5 


miniſhes; and vice verd. ee | 1 | 
The Earth's annual Orbit is elliptical, and the Sun is placed in one 
of it's focuſes. © The remoteſt point of the Earth's orbit from the Sun, 
is called The Earth's Aphelion ; and the neareſt point of the Earth's 
orbit to 3 is called The Earth's Peribelion.— When _ _ 
is in it's Aphelion, the Sun appears to be in it's A and when the 
Earth is in it's Perihelion, iche Sun appears to be 4 ire Perigee  * 
As the Earth moves from it's Aphelion to it's Perihelion, it is con- 
ſtantly more and more attracted by the Sun; and this attraction, by 
conſpiring in ſome degree with the Earth's motion, muſt neceſſarily 
accelerate it. But as the Earth moves from it's Perihelion to it's Aphe- 
lion, it is continually leſs and leſs attracted by the Sun; and as this 
attraction acts then juſt as much againſt the Earth's motion, as it ated 
for it in the other half of the Orbit, it retards the motion in the like 
degree. The faſter the Earth moves, the faſter will the Sun appear to 
move; the ſlower the Earth moves, the ſlower is the Sun's apparent 


motion. 7 | 


The Moon's orbit is alſo elliptical, and the Earth keeps conſtantly in 
one of it's focuſes. —The Earth's attraction has the ſame kind of in- 
fluence on the Moon's motion, as the Sun's attraction has on the mo- 

tion of the Earth: and therefore, the Moon's motion muſt be con- 
tinually accelerated whilſt ſhe. is paſſing from her Apogee to her 
Perigee; and as gradually retarded in moving from her Perigee to her 

"At the time of New Moon, the Moon is nearer. the Sun than the 
Earth is at that time, by the whole ſemidiameter of the Moon's 
orbit; which, at a mean ſtate, is 240,000 miles: and at the Full, ſhe is 
as much farther from the Sun than the Earth then is. Conſequently, 
1 | . the 
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the Sun attracts the Moon more than it attracts the Earth in the former 
caſe, and leſs in the latter. The difference is greateſt when the Earth 
- 1s neareſt the Sun, and leaſt when it is fartheſt from him. The obvious 
reſult of this is, that as the Earth is neareſt to the Sun in winter, and | 
fartheſt from him in ſummer, the Moon's orbit muſt be dilated in if 
winter, and contracted in ſummer. | "ON J 
Theſe are the principal cauſes of the difference of time, that gene- 
rally happens between the mean and true times of conjunction or op- 
ſition of the Sun and Moon. As to the other two differences, viz. 
thoſe which depend on the difference between the anomalies of the my 


Sun and Moon, and upon the Sun's diſtance from the lunar Nodes, in 118 
the ſyzygies, they are owing to the different degrees of attraction of the 5 nt 
Sun and Earth upon the Moon, at greater or leſs diſtances, according 
to their reſpective anomalies, and to the poſition of the Moon's Nodes | 1 

with reſpect to the Sun. | | 
| 


If ever it ſhould happen, that the anomalies of both the Sun and 
Moon were either nothing or ſix ſigns, at the mean time of New or 
Full Moon, and the Sun ſhould then be in conjunction with either of 
the Moon's Nodes, all the above-mentioned equations would vaniſh, and 
the mean and true time of the ſyzygy would coincide. But if ever 
this circumſtance did happen, we cannot expect the like again in 
many ages afterward. - | > 
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[TABLE I. The mean Time of New Moon in March, Old Stile; ab ; 


the Sun and Moon, and the Sur S mean Di ance 
from A. D. 1700 10 A. D. 1800 


Years | Mean New Moon | Sun's men | Sun's mean Diſtance 
of | in\Maneh, } Anomaly, | Anomaly. from the Node, | 
Chriſt, D. H. M. 8 1 , E624 #57 
1700 | 8 16\ 11 2s þ 8 58 4 1 232 30 37 gs 1. 3 
1701 75 13144 5, | 9 * 0 co 8189 7 42 7 2 gy 8 
1702 To 22 | 32 11 9 27 36 51 1 7 55 47 Gi 0 8 57 1 
1703 % 6 7124 1} 8 16 56 4s Pb 9:17 43 5228 19 42 
1704 | 24 4 53 57 9 5 14 54 8 23 20 57 | 9 18 2 43 . 
1705 Þ 83 13 4 34 8 24 30 47 72 3 9 2 9 26 . 
1706 J. 2 £2 31. 11 þ $, 13 7 39 * 1 59, - 3: N 10 4 4 2. 
1707 1. 21 20 3 50 | * 2 8 50 „ ct 12 51 18 
1708 ] 10 f 52 27 2 24 43 2 286 22 18 þ i 2% 4 5 
2 9.46 58 |, 2 3 59 44 | o 29 37 6 
GY WT cn wy 17 I 56 
2 18 18: 39; |: ro 23 35 36 1 15 42 41 
— 919 9.40.5: 1 9 29.12 42:4. 4:44. 25 44. 
1713 15 23 36 9 25 56 43 8-9 ©. 47 2 28 30 
1714 j 4 932 12 13 6-25-83 $5 6 18 48 52 7. 10 31 bs 
1715 23 8 44 52 | 9 3 34 47 5 24 25 57 4 19 14 18 
1716 | 22 37 33 29 8 22 50 39 4 4 14 2 8 
| 1717 7-18 [22 5 8 12 6 32 > „„ = 190 $8 
1718 | 19 23 54 45 2 © 28 44 1 19 39 13 6 14 2 54 
1719 9 8 43 22 8 19 37 1-29.25 W Ä $8 
| 15920 7 16 16 2 g: - 8 73 M2 4 8 o 48 42 
1721 | 16 15 4 38 8 27 22 41 9 14 52 29 8 8 51 29 
| 1722 8 43 14 $ 10 33 233 |. 5. 24 49 34 8 16 - 18 
11723 | 24 21 25 54 :. 9.451 7 0 7 4% j- .̃ 237 48 
1724 | 13 6 14 31 „„ „ 
ws | 2 15 3 7 | 8 13 32 29 | 3 19 53 30 | 1 11 42 62 
1726 21 12 35 47 i „„ 2 25 30 36 11 20 25 54 
1727 10 21 24 23 8 21 10 3 0. i1 28 28 41 
1728 28 -38 57 3 9 9 32 4 e 10 3 . 
| 1729 | 18 3 45 40 8 28 48 39 [10 20 44 12 1 15 14 29 
1930 | 7 a 34 16 | $8 18 4 31 9 0 38 27 18 
1731 26 10 56 9 6 26 42 1 1 
1732 | 14 18 55 33 8 25 42 34 6 J 1 5 mu 93 £4 
— — rr CEE — — ä — — 
TABLE 
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TABLE I. continned. Old Stils. it 
Mean New Moon San's mean | Moon's mean Sun's mean Diftance 111 
in March. Anomaly, | Anomaly. | from the Node. | 

$3 01a] „ I 

9 8 14 58 26 | -4 25 45 33 | 3: 18 5 51 | 

49 9 3 20 38 4 1 22 39 4 26 48 53 14 

25 8 22 36 30 2 11 .10 44 | « , ̃]— 00 a8 11 

2 8 11 52 22 o 20 38 49 35 20 37 1 
42 | 9 14 34 % 26 35 55 | 6 2 37 #9 | 

18 8 19 30 26 10 6 24 o | 6. 29 40 16 | it 

58 . 9 19 3-8 8 2 -28 

34 % c ul 8 16 26 5 | 

11 8 16 24 22 6 1 37 16 8 24 28 52 . 0 

5 9 4 46 34 5s "7 14 „„ 5 | | 

46 27 8 24 2 27 3 17 2 27 18 1 ar 
4 8 13-28 20 1 26 $0 32 10 19 17 28 | x: 
44 2 1 40 32 8-237" 26 in 2 $0 | 149 1 
56 20 20 56 24 11 12 14 43 ©: -Y 17 F 1 
9 de ed :8* 36 10 17 52 49 | 14 45 19 . 1 
17 36 8 28 34 28 | 8 27 40 54 | n 22 49 . 
6 13 s 27 0 0 7 7 128-99 3 © 'v. won 2. 1 
2 38 53 9 6 12 32 6 13 6 5 3 9 0 33 bl 
27 29 8 25 28 24 4 22 54.10 3 17 37 4 | 
16 6 8 14 44 16 | 3 2 42 15 | 3 25 40 27 
48 45 |- 9 3 6 28 2 8 19 21 5 4 23 28 
[47 22 22 22 10 0-18) 5267} - © a 
n 10 27 $5 31 5 20 29 2 
58 38 9 0 14 1e 3 24 v7 6 29 12 3 
. 19 16 16 8 13 20 42 2273 
9 54 | 9 7 38 28 | 7 18 57 [ 8 ts 57 52 
31 8 26 54 20 5 28 45 $4 8 24 © 39 
33 8 16 ien S720 9 '$:} #36 
= 47 | 4 9% 2 3 14 1 6 10 26 148-87 
18 24 „„ 1 23 59 11 |} 10 18 49 14 
* 1 98 13 4 8 | 3 47 16 | 10 26 52 
39 40 5 4 30-0 11 09 6. $1 8 
28 17 8 20 42 13 9 19 12 26 o 11 '9* i 
o 56 9 9 4 20 | 8 24 49 32 | 21 22 20 51 
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TABLE I. concluded. Old Stile. 


as 


- | Sun's mean Diſtance 


| of in March. Anomaly Anomaly from the Node. 
8 D. H. M. 8. . 99 8 . 
176 | 18 12 49 33 | 8 28 20 17 74 87.47,] ,* ,* #3. .36 
15683 .6 121 38 10 7 6 9 „ „ 2 3 a6 25 
1769 | 25 19 10 40 9 5 58 21] 4 20 2 48 3 27 9 27 
} 1770 is 3 80 26 14 13 2 29 50 53 3 25 32 14 
1771 | 4 12 48 2 n 3s 3©®.-5-4 1 9-36; $83 :4 8:35. 1 
1772 22 10 20 43 7 o 15 16 4 3 
j 2773 11" 19 9 19 9 10-25; 4: 0 $ Id 10,50 
1774 57. 55 8 11 24 19 4 52 14 s 38 : 3-87 
1775 as 1:1 :30: 35 E :Þ 20. 29, 20. ] 7. .v 46; .39 
1776 8 10 19 12 s. 39-;3.-5:4 .0. 20 7.25 -7 34 49: 35 
„ $1 51 o 724-17 | 5s 25 54.31 | 8 23 32- 26 
1 1778 16 16 40 28 509 4 3 5 
1 1779 81 29. 4 8 3c 586 1 2 35 7 . 9 5 as © 
1780 $3. 123 102... 44 13 I 35 : 7-407 0.18 81 1 
1781 13 7.7 50 21 8 23 34 $ .0 0 3588 10 26 23 48 
1782 | 2 16 38 57 | 8 12 49 58 | 10 10 43 57 11 4 26. 3 
1783 11 <37 VVV 11 9 
1 1784 13 1 3 71 %%§ö» 1 
1785 231 32 52 580. 15 7 1 34 II 
1786 21 30 : 7-43.52 3346; 39 . 
1787 7 % 1 6 8 17 21 59 3 21 22 24 2 16 O 59 
| 2788 25 11 42 45 9. 0 344. ..33 2 26 59 30 3 24 44 I 
| i789 | 14 20 31 23 „„ ;. . 6 7 35 14 2 48 
| 1790 +3=$ 19. 52 8 14 15 55 11 16 35 40 4 10 49 35 
{ 1791 | 23 2 52 39 | 9 2 38 7 | 10 22 12 46 5 19 32 37 
I 2792. | 11 33 41 15 8 21:56. £9 „ 5 $6: 26 
| 1793 30 9 13 55 9 10 1 11 3 7 18 26 
1794 | 19 18 2 32 | 8 29 32 3 6 17 26 4 7 34 [at $3 
JJ 4 27 14 9 7 22 24 © 
e 
1797 18 nn 20 25. 59. 2 12 39 19 8 8 5 48 
1798 31 1 8 15 41 51 o 22 27 25 9g 17 :14..38 
1799 24 15 33 41 BY ST 12 s H 30 "30 188-37 
1800 $34. © 22 12. 8. 23 . . -i56.-24 
; - — — — 4 Fr ny * » — a 
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TABLE IL. 


Mean New Moon, Ge. in M arch, New Stk, from | 


Aa D. 1752 to A. D. 1800. 
Vears Mean New Moon Sun's mean Moon's mean Sun's Mean Diſtance 
of | in March. | Anomaly. from the Node. 
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TABLE II. 


28 


_ New Stile. 
Years | Mean New Moon Sun's mean | * 04 mean Sun's mean Diſtance 
of in March. ' Andmaly. k Anomaly. from the Node. 
| ] 43 | D. H. M. 8 8 1 | 8. 0'- # Bo. W 
1787 | 18 14 10 6 5 27: n 3. hd 
1 2788 | 6 22 58 42 1 Ss 1 30 0 3: 24. 3 8 
1289 | 25 20 31 23 * 3 1 6 47 35: | 4:2 46-48 
2790 1 15 is 19 $9 8 14 15 55 11 16. 35 40 4 10 49 35 
279% 81 8 3 9 26 23 45 3 
1792 22 11 41 15 8 o 52 7 27 35 4 
41 293 [11 20 29 51 71 11 af 57 $939. al 
1794 30 18 2 32 6 7 ak «©: 7. 14 21 23 
7 20 2 51 8 4 7 I. © 7 32 24 0 
W. 8 1 39 44 3 7 2 14 8 o 26 47 
1799 ½% 2 12 24 2 12 39 19 | 9 9 9 48 
T1 * 647: :12 35 
11799 6 2 49 37 43 h 2 15 30 9 27 gd 22 
1800 85 0 17 | . 52 36 1 24 
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TABL. E III. 


0 Mean Anomalies, and Sun's nean Diftance fron the 
| Node, of 1 35 mean Luan. L 
| Mean Sun's mean N Moons mean Sun's mean Diſtance 
* | Lunations. Andmaly. Anomaly. from the -Node. 

0 — 1 W ; 

£1 D. . M. 8. 8 0 7 10 8 0 1 1 s 0 1 * 
20 ba: C ö 
2 9 125 e 1 21 $ 1 0 28 
: LO. %%% 1. :w © 17 1] 43 «0:4 
S £1 7008 18: 60 22 17 . 4. 1 1 8 &  ::40 365 
3 4 147 15 40 15 4 25 31 37 419 $ 3 5. $28. 30! 
— — — — 1 Lon * 1 — | — 
6 | 177 4 » ba 5 24 37 56 4 .4 8 „ „ 
2 1 06 7 8 21 Jͤ . 4.43 4. 7 4 41 38 
8 236 5 52 24 t 0c 41-52. 
9 J 265 18 36 27 8 21 56 54 2. 6 Mt C 
10 295, 7 20 30 r i 1 42 20 
1 — . — — —21—— — —— — — — ͤ— — — 
324 20 4 33 10 20 9 33 og 1409 s [1 230 39 
12 .| 354 8 48 36 11 19 15 $2 io 9 48 5 0 5 8:47 
$. 23:5} "233 122. g2 40 1 it. $6 37 © © FV 
; 2 14 18 22 74; G4 14 33 10 6 12 54 30 © 15 20 - | 
r _7_- En 
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T ABL. E IV. E be _ f the Year, reckoned from the beginning of 
March. | 

1 2 FE 3 
ar — 1 S 8 8 F 85 
Fr 
2 A - * f ® | 3 P ; $ = 5 | 7 — 2 
11432 | 62 3 | 123 | 154; | 185 | 215 [246 276 | 307 | 338 

2-1 2 | 33 $63 94 124 | 155: 186 | 216 | 247 | 277 | 308 | 339 

3, | 3 | 34 | 64 | 95 | 725 | 150, |] 187 | 2179 | 248. [ 278 | 309 | 340 

4 |.:4 . 96 126 157 | 188 218 249 .] 279 310 341 

7 5 36 "66 97 | 127 158, — 219 250 280 311 340 | 

6 6-| 37 4-67 98 [128159 Þ? 220 251 | 281 3˙2 343 

7123858 99 | 129'| 160; | Tg: | 221 252 282 | $13 | 344 | 

8 | 8 | 39 | 69 100 130. [gi61: | 192 222253 [283 14 345 
9 914070 [101 | 131 162 [193 223 254 || 284 T5 346 
10 | 10 | 41 71 102 13S» | 153. | 194 | 224 | 255 [ 285. | 346 347 
ir | 11 | '42 72 | 103 133 164 [195 [ 225 256 286 17 348 
iz 1243 73104 134 165. | 196 226 | 257 [287 318 349 
13 | 13 | 44 | 74 105 135 166. | 197 227 258 [288 319 350 
14 | 14 [45 | 75 | 106 136 167 | 198 228 | 259+] 289 320 351 
is | 15 | 46 | 76 10% |. 135; 168 199 229 [260 ][ 290 | 3a 352 
16 | 16 | 47 | 77 | 108 | 138 1 200 | 230 261 | 291 | 322 |. 353 | 
17 | 17 | 48 | 78 | 109 | 139 | 170 | 201 | 231: f| 262 | 292 | 323 | 354 
18 1849 | 79 | 11 140 171 | 202 232 263 293 324 355 
19 | 19 | 50 | 8 «111 r41.--j- 2792; 20% 233 204; „ 356 
20 | 20 | 51 | $1 112 142 .| 173' | 204 | 234 | 265 | 295 | 326 357 
21 | 21 | 52 | 82 | 113 | 143 | 194 | 20% | 235 | 266 | 296 | 327 | 358 | 
22 | 22 | 53 | 83 | 114 | 144 | 175 | 206 | 236 | 267 | 297 | 328 | 359 
23 | 23 | 54 [84 | 115 | 145 | 176 | 207 | 237 268 298 | 329 | 360 
24 | 24 | 55 | 85 | 116 146 |- 177, | 208 238 | 269, |. 299 330 361 
25 | 25 | 56 | 86 | 117 147 178 | 209 239 270 300 331 362 
26 | 26 | 57 | 87 118 148 179 210 240 | 271 301 | 332 363 
27 | 27 | 58 | 88 | 119 | 149 |] 180 | 211 | 241 | 272 | 302 | 333 | 364 
28 | 28 | 59 | 89 120 .| 150 19 | 218 242 273 303 334 365 
29 | 29 | 60 | go 121 151 182 213 243 | 274 304 335 366 
30 | 3o | 61 | 91 122 152 183 214 244 275 305 | 336 | 
311311 92 153 | 184 245 306 | 337 

Ee 


TABLE 


F 
NR ELIT > > - _— — : — —— Oy nm 


_ — 
n 
TR : 


* 
* 


2 
— — — 
— — 
1 : 


E 
. r 


210 
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1 * A B L E v. . — g 1 to 190000. 


— ur ——_____ 


JE 


of, 


4 Days. Decimal Parts. | Days Hou. M. 8. Th. Fo. 
| 1 2653059085 1080 $6: 2: 376 | 
| 2 59.061181702160 FFC 
N 3 7 3.527825535240 „„ 

1 +; 8.122363404320 | 56 12 11 53 
MW 147.652954 55401 40 Ig Ig 7-52 
3 177.1833545 106481 J „ 18 17 30 
7 206.7 1413595756114 F 
5 236.24472 1595 $62: 1 1 : 47 : 
9 {| @265-775317659722 36 27 26 45 | 
io 285.3059065 1090 20 3 29 43 þ 

20 590- .61181702160 4t 0 59 36 | 
30 J. 140 ede EE 
40 223034 5 0; 4. WW: $3. K 
50 76. 52954 42 32 2 236 þ 
60 4255 1 7 
70 -14135 52551 23 33 28 2 
80 «44726808643 | 44 3 57 46 | 
90 2895. 75317059722 |} 4 34 27 29 
100 295 3.059085 10890 20689: 1: 25; <6; 7 | 38; þ 
200 506.118 1702160 = 2: „ -9: i: 86: & 
300 * 591772553240 8889 4 15 14 51 36 | 
400 12. e | 11812 5 40 19 48 48 |} 
290 1476 5-295 4: 188487 14705 7. -$ M 46. :0 | þ 
660 | 17728. 354510 1771 .. 29} 44: 48-1 
700 J 14135957561 20671 9 55 34 40 38 N 
800 * 4-4726808641 23624 11 20 39 37 q 
900 2657 7.5 3175597 26577 12 45 44 34 48 | 
1000 | 39. «$9085 1080 19530 14 1 49 32, © 
2000 5 1.18170 21660 . 5 :9} H o þ| 
3000 ee þ 385932 18 32 28 o | 
40 122. 363404320 2 118722 8 43 13636 8 0 þ 
5000 177739 5 ie e er 4; ©: þ 
68600 | 254713 225957825 5 177183 1 4 57 8 þ 
79090 14. 13595756 F 2Q0FI14: 3, 15 ; O. | 
*F 800 18 22 75 88841 2236244 17 26 36 — 0 . 
9000 265775. 317659722 F 09 --48- ---D- Þ 
1c000 i235 305. 9085 1080 [ 295305 21 48 15 20 o | 
20000 59861 1.8 1702160 590611 19, 36 30 go o þ 
3000 | B885917.72553240 | 88597 17 24 46 o o | 
40000 | 1181223.63404320 1181225 15 1} 1 a 0 
50000 | 1476529-54255401 1476529 13: =, 16 4 © þ 
60 1771835445106481 17 1835 1 R . w O 
70000 2067141.35957561 2067141 8 37 47 20 © 
805000 236 U. y Wy WW TT ECT YT 
90000 2657753-17659722 | 26577533 4 14 18 o o 
100000 295 3059-085 1080 „ 2 33 - © 
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TABLE VI. The firſt nean New Mipn, with the mean Ano- | 
malies of the Sun and Moon, and the Sun's mean Diſtance from 
the Aſcending Node, next after compleat Centuries of Julian years. | 
2 15 1 F T Sun's mean | Moon's mean Sun from 
| _ 1 J = ; 2 New 3 Anqmaly. Anomaly, , Node. 3 
+> 93+ ers ; toms 
. ͤ ˙ 39 URS — — — — 
/// % + * 10:54} © 2: 3 0 4 19 27 |}; | 
1 2474 | apo} 8 16 pri44j-o & 2s © & Tomes 
3714 | 380 13 © 32 37 3 i 165 þ Tr 902 | | 
| 248] ſy 86%] ow 181617 49] 
"= W ; e - . ; 
6188 f. cpo'Y 21 16 54 210 16 46 6 16 © Tu 19 W- ii if 
7422 &o „„ ns ae S8 3 3 26 44 fi | 
Bog# 7 [ © 20 gz 3 [i £4. 22 Jo 8 5 | „ it 
og] ET EIT Er 7 12:4 .33 i 1 
D WE a MY . e * SN — _—— —_' | 
11132 | 90 12 53 47 |] 1 4 | 3 22 29 | 4 24 25 | 
12369 1 0 21 545 40 S 1 286 Y ES 7 1 9 135 ? q 
13506 | tipo | 18 6 1 32 o 7 44]1% 3 53 hin [3 6: [ 
14843 [ 12po f 22 13 26 24 o ar 7 T 5p SLTNES J | 
h | | 16080 1300 1 26 21 37 16 O 14 28 1 23 5 | 11 12 15 | 
r 1H 4 fn wal TT Fr ' | 
1855 ih } © 'n 4 58 11 3 4 5 28 52 7 20 29 1 
19598 1&0 | wo 9 25 jo 1 „% „ % 4 | 38 
- — bs ; ———  _—_ — 
21027 | 17po | 14 17 36 42 11 28 46 10 29 26 4 29 23 
22264 io! „„ 7 It * ” S @ 19 0 
23501 19% | 23 2 88 27 0 ' 5 29 8 bo 2 8 30" |; 
24738 20 | 27 18 9 19 o 8 50 9 15 42 6 7 4] 
8 ITS c 5 — — - ; 
2100 8 11 13 n 
27211 | 2200 6 8m 47 1 11 16 26 4 20 4247 1 i 
- 238,48 © 25po , 1 9 47 | F 5 0 3 ERS 
29885 | 2400 | 15 14 45 | 11 23 9 #1 Fr o 14 54 1 
30922 28590 19 22 19 38 11 26 29 6 6 43 "3 4 22 
32159 bo 24 6 30 30 11 29 $0 2 22 4 1.9 23 49 | 
* 2700 28 14 41 22 E T0 2 13 i 
© 34532 WV . 6 26 59 8 
35869 ( 38 19 $7Þ 18 16 x7 3 12 21 110 21 30 | 
37106 | 30% 12 2 29 56 11 14 & {$3523 43 3 10 58 
38343 3100 16 10 40 48 x 1 % 13 8 o 25 
39580 3200 20 18 51 40 11 20 51 4 28 27 o 19 52 
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| TABLE VI. concluded. 
BAE 1 eb * 6 1 3 b 
75 | ..... rſt Sun's mean | Moon's mean Sun's mean Diſt. 
{| | Luna- | Julian New Moon. Anomaly, |. Anomaly. from Node. 
tions. years. | L = — — — | 
11 | 8 H. NM. 1 a5 es Bo 2 7 oO 3 
— — — — — 8 — — — g 
40817 3300 25 3 2 33 1 1213 0 $i 0 
42054 3400 29. 113 25 1 33 9g 29 11 9 28 47 6 
43290 | 3500 4 6 40 14 | 11 1 5 18 44 1 17 34 
44527 3600 8.214 x2: 6 "7 BY „ 8 
45764 | 3700 | 12 23 1 59 11 8 30 10 19 28 10 26 29 
47001 | 3800 „ - A201; in 227; $t.4 7 14 10:4 $48 56 
48238 3900 | 24 15 23 43 | 11 15 I2 | 3 20 12 1 | 
+ [ © 5 $4.4]: :0 4. 59 
ei 1 0.19 '1 25.1 10, 22 48 7 25 3 37 
51948 | 4200 | 5 3 12 17 [10 26 9] 4 10 9 9 3 5 
53185 490 1 9 183 23. 9 10 29 31 o 25 51 1 22 32 
54422 4400 $2. 260 34... 1 03 2.42 9 11 13 6 83 
| $5659 | 4500 18 3 44 54 6 13 g.-:26 38 4 1 27 
55995 4500 | 22 11 55 46 | 11 9 34 2 11 57 |, 3 20 54 
58133 4700 ; 25 1a 55 10 29,5. © 0 a1 
59369 4800 j 2. 15 33. 27 10 17 9 6 16 52 | ,11 29 8 
60606 | 4900 5 23 44 20 WD 20 313 2 14 . 4. 1. 36 
61843. | 5000 10 7 55 12 | 10 23. 52 | 41 17 36 9 8 3 
63080 5100 14 16 6 10 27 13. 3... 8: '5$_ ©. 0 
64317, | 5200 19 © 16 56 1 0 4 18 20 6 16 57 
e Jn 6:25. | 
; 66791 | ,5400 | 27 16 38. 41 | 1 7:16, | .9 19 4 |. 2 25 52 
68028 $500 3... 18 30 bd 11 31 5: 38-87 . 4-3: 16.30 
69265. | $5600 6 20 16. 22 20 16. 82 1 23 59. * 
: 70502 5700 - 11 4 27 15 10 18 14 1 9 21 4 23 34 
, 73739. | $800 J 15 1 38 7. 10 21. 35 5 24 43 2 13 „ 
w_ | 72976 | 5900 | 19 20 48 59 10 24 56 33 0 
| } 74212 | Goco 24. & 39 52. | 0 28 17 | 1: 25 27, | 6 21 56 
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, 1:30 3607058 ER © 
6 55 615 535 130 44'f 2:24 24 
i2 | 55 1715 5415 430 55 2 24 18 
r . 0 12 
24 55 42 } 15 55 35 124 40 „„ 6 
2 oj 55 56 i 8 15 jj 3t 07 2 a © 
6 |} 56 212} Ie: 59 fax 22 4 3t $067 30 24 
12-1 $6; 204 © : 1 1-35: 2649 32: 9 1 2 18 
18 | 56 48] 16 215 30] 32 39] 2 27 12 
- „% 7 $216. 415 367 33 13-20 6 
3 57 30,116. 6þ15 4133 83 © 2 ES © 
657 52|16 815 4633 47 | 2 29 - 24 
12 | 58. 1216 10 15 52 | 34 „ 18 
18 | 58 31] 16 11] 15 58] 34 34 | 2 29 12 
24 | 58 49 ] 16 13] 16 334 58] 2 30 6 
4 59 616 1416 9:4 %% 264 2 SS oo 
6 | 59 21]i6 156 14] 35 45] 2 31 24 

1 0 356 16 17 [16 % $6 Sa 18 
18 | 59 4816 19 16 24 36 202 32 12 
2460 016 2016 2836 40 2 32 6 
, 97 TE REES © 
6: 6 21 16 2116 34. | % $0 236 24 
12 60 3016 22 16 37 1 37 19:1] - 4 a0 18 
18 | '60 38 | 16 22 | 16 3837 28]. 2 33 12 
24 | 69 4516 23] 16 3937 36] 2 33 6 
6 o | 60 45-| 16 2316 39 37 40% 3 6 o© 
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Precepts relativs io the preceding Tables. 
2 calkulate the true Time of New or Full Moon. 


PRxECEPT I. If the required time be within the limits of the 
18th century, write out the mean time of New Moon in March, for 


the propoſed year, from Table 1. in the Old Stile, or from Table II. 


in the New ; together with the mean Anomalies of the Sun and 
Moon, and the Sun's mean Diſtance from the Moon's aſcending 
Node.—If you want the time of Full Moon in March, add the half 
Lunation at the foot of Table III, with it's Anomalies, &c. to the 
former numbers, if the New Moon falls before the 15th of March ; 
but if it falls after, ſubtract the half Lunation, with the Anomalies, 
&c. belonging to it, from the former numbers, and write down the 
reſpective ſums or remainders. | 5 

II. In theſe additions or ſubtractions, obſerve, that 60 ſeconds 
make a minute, 60 minutes make a degree, 30 degrees make a ſign, 
and 12 ſigns make a circle. When you exceed 12 figns in addition, 
reject 12, and ſet down the remainder.— When the number of ſigns 


to be ſubtracted is greater than the number you ſubtra&t from, add 


12 ſigns to the leſſer number, and then you will have a remainder to 
fet down.—In the Tables, ſigns are marked thus*, degrees thus *, 
minutes thus, and ſeconds thus” 

HI. When the required New or Full Moon is in any given month 


after March, write out as many Lunations, with their Anomalies, and 
the Sun's diſtance from the Node, from Table III, as the given 
month is after March; ſetting them in order below the numbers taken 


out for March. 5 . N 

IV. Add all theſe together, and they will give the mean time of 
the required New or Full Moon, with the mean Anomalies and Sun's 
mean diſtance from the aſcending Node, which are the Arguments for 
finding the proper Equations. | | 5 

V. With the number of days added together, enter Table IV. 
under the given Month; and againſt that number you have the day 
of mean New or Full Moon in the left-hand colutan, which ſet before 
the hours, minutes, and ſeconds, already found. | 

But (as it will ſometimes happen) if the ſaid number of days falls 
ſhort of any in the column under the given month, add one Lunation 
and it's Anomalies, &c, (from Table III.) to the foreſaid ſums, and 


| then you will have a new ſum of days wherewith to enter Table IV. 
under the given month, where you are ſure to find it the ſecond time, 
the firſt | —— | | 


falls ſhort. 


2 VI. With 


portions in the Table for the odd minutes and ſeconds of Anomaly 


Precepis relative 10 the preceding Tables. 
VI. With the ſigns and degrees of the Sun's Anomaly, enter 


Table VII, and therewith take out the annual or firſt Equation for 
reducing the mean Syzygy to the true; taking care to make pro- 


as the Table gives the Equation only to whole degrees. 


| Obſerve, in this and every other caſe of finding Equations, that if 
the ſigns are at the head of the Table, their degrees are at the left 
hand, and are reckoned downward ; but if the ſigns are at the foot 


of the Table, their degrees are at the right hand, and are counted 


: upward ; the Equation being in the body of the Table, under or 


over the ſigns, and in a collateral line with the degrees.—The titles 


Add or Subtract at the head or foot of the Tables where the ſigns are 


found, ſhew. whether the Equation is to be added to the mean time 
of New or Full Moon, or to be ſubtracted from it. In this Table, 


the Equation is to be ſubtracted, if the ſigns of the Sun's Ano- 
maly are found at the head of the Table; but it is to be added, if 


the Tigns are at the foot. | : | | 

VII. With the ſigns and degrees of the Sun's mean Anomaly, 
enter Table VIII, and take out the Equation of. the Moon's mean 
Anomaly : ſubtra& this Equation from her mean Anomaly, if the 
ſigns of the Sun's Anomaly be at the head of the Table, but add 
it, if they be at the foot; the reſult will be the Moon's equated 
Anomaly ; with which enter Table IX, and take out the ſecond 
Equation for reducing the mean to the true time of New or Full 


Moon; adding this Equation, if the figns of the Moon's Anomaly 


are at the head of the Table, but ſubtracting it, if they are at the 


foot, and the reſult will give you the mean time of the required New 
or Full Moon twice equated, which will be ſufficiently near for com- 


mon almanacks.—But when you want to calculate an Eclipſe, the 


following Equations muſt be uſed : thus, 


VIII. Subtract the Moon's equated Anomaly from the Sun's mean 
Anomaly, and with the remainder in figns and degrees, enter Table 
X, and take out the third Equation, applying it to the former equated 
time, as the titles, Add or Subtract, do direct. | | 

IX. With the Sun's mean diſtance from the aſcending Node, enter 
Table XI, and take out the Equation anſwering to that argument, 
adding it to, or ſubtracting it from the former equated time, as the 
titles direct, and the reſult will give the time of New or Full Moon, 
agreeing with well-regulated clocks or watches, very near the truth. 


But, to make it agree with the ſolar, or apparent time, apply the Equation 
of natural days, from the Tables (from page 116 to page 123) as it is 
Leap- year, or the firſt, ſecond, or third after, 'The 
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By the Precepts, | New Moon. Sun's Anomaly. Moon's Anomaly. | Sun fromNode. | 
i 4 D. H. M. s. „% 0-1 BLISS £4 
March 1764 2 8 55 36] 8 0 0015 13 35 21011 4 54 48}. 
Add 1 Lunation, 29 12 44 3} 29 6 19 25 49 0 1. 0 40 14 
Mean New Moon, 31 21 | 39 . 39 . 9 1 26 19111 9 24 21 07 * 
Firſt Equation, + 4 10 40011 10 59 181+ 1 34 57 hay 
| — — —— — — sun fr. Node, 
Time once equated, 32 1 50 19] 20 27 1 10 59 18ſand Arg. 4th 
Second Equation, |— 3 24 49 Arg. zd equation. Arg. ad equation. equation. | 
Time twice equat, "F387 $2” 25 30 2 _ " e 
Third Equation. | | 4 37 


Precepts relative to the preceding Tables, 
The method of calculating the time of any New or Full Moon 
without the limits of the 18th century, will be ſhewn further on. 


And a few Examples compared with the Precepts, will make the 
whole work plain. | FR : 


N. B. The Tables begin the day at noon, and reckon forward 
from thence to the noon following, «Thus, March, the 3 1ſt, at 22 
hours 30 minutes 25 ſeconds of tabular time, is April 1ſt (in com- 
mon reckoning) at 3o minutes 25 ſeconds after 10 o'clock in the 
morning. ; : = Far ES FEE 

RXAMFLE I... 
| Required the true time of New Moon in April 1764, New Sai? 


1 


K * 


— 5 the true time is 22 h. 30 min, 25 ſec. after 
Time thrice equat. 31 22 30 7 the noon of the z iſt of March; that is, April it, 


Fourth Equation, | J 18| at 30 min. 25 ſec. after X in the morning. ut 


| —— the apparent time is 26 min. 37 ſec. after X in 
True New Moon, zi 22 3o 25| the morning. 
Equation of days, — 3 48 | 


Apparent time, 31 22 26 37] 


—— IEEE 


TR DO - 


EXAMPLE 


Precepts relative ro the preceding Tables. 
EXAMPLE I. 
Qu. The true time of. Full Moon in May 1762,” New Stile? 


— 


By che Precepts. New Moon. 
| i 214 — > ——— — 6 


eee e g Ks x 
V 0: 2-8 
23 48 16 
28 12 39 


f Sun's Anomily. 


23 59 11jlo 18 49 14 
1 1 2118 2 28 


March 1762, 24 1 18 24 
Add 2 Lunations, 459 ; 6 


8 
8 1 

1 1 

New Moon, May, 22 6 46" 30 10 22 6 55 Pub 37 1200 20 9 42 
Subt. 2 Lunation, 14 18 22 2 0 14 33 10 6 1 54 300 © 15 = 2. 
Full Moon, May, | 7 22 24 #8to 7 27 5E 2 42 42 0 4 Js 
3 pes Gr a 1 * 
— | 3 + 8 £9 3 7 WF 1 14 ia & 

Time once equat. 8 1 41 '4| 1 3 30 259 3 18. * 
Second Equation, ö — 9 47 $3]Arg.3d equation. Arg. -d equation. * 


FRY. 32 


— 


Time thrice equat.| 7 15 50 35 Anf. May 7th at 15 h. 50 m. 50 fl. paſt noon, 


Fourth Equation, * 15]. 
True Full Moon, 7 15 50 50 


” —_— : 


viz. May 8th at III h. 50 m. 50 ſec. in the 
morning. 5 e 


* ky 


To calculate the time of New and Full Moon in a given year and month 

F any particular century, between the Chriſtian Æra and the 18th 
PRECEPT I. Find a year of the ſame number in the 18th 
century with that of the year in the century propoſed, and take out 
the mean Time of New Moon in March, Old Stile, for that year, with 


| the mean Anomalies and Sun's mean Diſtance from the Node at that 


time, as already taught. | 
II. Take as many compleat centuries of years from Table VI. 
as, when ſubtracted from the aboveſaid year in the 15th century, will 
anſwer to.the given year ; and -take out the firſt mean' New Moon 
and it's Anomalies, &c. belonging to the ſaid centuries, and ſet them 
below thoſe taken out for March in the 18th century. 
III. Subtract the numbers belonging to theſe centuries, from thoſe 
of the 18th century, and the remainders will be the mean Time and 
Anomalies, &c. -of New Moon in March, in the given year of the 


8 G g . 


Moon's Anomaly. Sun from Node. { 
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Precepts and Examples 


century propoſed. — Then, work in all reſpects for the true time of 
New or Full Moon, as ſhewn in the above Precepts and Examples. 
IV. If the days annexed to theſe centuries exceed the number of 
days from the beginning of March taken out in the 18th century, 
add a Lunation and it's Anomalies, &c. from Table III. to the Time 
and Anomalies of New Moon in March, and then proceed in all 
reſpects as above. This circumſtance happens in Example V. 


EXAMPLE Il. 
Required the true time of Full Moon in April, Old Stile, A. D. 30? 


| F rom 1730 ſubtract 1700 (or 17 centuries) and there remains 30. 


— 


By the Precepts. New Moon. | Sun's Anomaly. | Moon's Anomaly. | Sun from Node. 


3 [D. H. M. 8. 0 —— 8 3 . 1 
r 
ns 2 1974311350707 
oa EEE BF 


Full Moon, April, 4 « 


29 29 6 1g] 25 49 © 40 14 

6 | 

Firſt Equation, | 
6 
+ 
6 


2 3 39170 2 58 of 5: 9 39 470 - 
| 3 +28 4] 5 10 58 40 + 1 18 53 * _ 
5 5 
2 


Sun from Node, 
31 43] 4 21 59 2c 10 58 4o{[and Arg. fourth 


Time once equat. : 5 
57 48 Arg. 3dequation. |Arg. 2d equation. equation. 


Second Equation, 


Time twice equat. 8 29 3' | Pa mY — * 
Third Equation, 3 5 5 180 : 

a . | Hence it appears, that the true time of Full Moon 
Time thrice equat. [6 8 26 37] in April, A. B. 30, Old Stile, was on the 6th day, 
amn — 1 33] at 25 m. 4 f. paſt VIII in che evening. | 
Tr. Full Moon, Apr. 6 4 - 25 4 | ke > 


. F $ 
& pA 


To calculate the true time of. New or Full Moon in any given year and 
month before the Chriſtian Era. 1 

PRECEPT I. Find a year in the 18th century, which being 

added to the given- number of years before Chriſt diminiſhed by one, 
ſhall make a number of compleat centuries. 8 5 


at | II. Find 


Fielarive to the preceding Tables. 


II. Find this number of centuries in Table VI, and ſubtract the 
Time and Anomalies belonging to it from thoſe of the mean New Moon 
in March, the above- found year of the 18th century; and the re- 
mainders will denote the Time and Anomalies, &c. of mean New 
Moon in March, the given year before Chriſt.— Then, for the true 
time thereof in any month of that year, proceed as above taught. 


EXAMPLE IV. 


Required the true time of New Moon in May, Old Sile, the year before 
. Chrift 5857 


The * s 84 added to 1716, make 2300, or 23 centuries. 


By the Precepts. New Moon. Sun's Anomaly. Moon's Anomaly, | Sun from Node. 
| JD. H. M. S. — ns . . ] ½ f 9 
March 1716, : 11 17 33 29] 8 22 50 39] 4 50 14 24:4; 237i $755 
' 3300 years ſubt. 11 5 $7 $3441- 19-47; „ of 7 25 a © 
Mar. bef. Ch. 585, o 11 35 36 3 3 39| 2 28 15 2 I 50 
Add 3 Lunations, [88 14 12 9 - a 1 qi. 2 27 27 24 3 25 = 
| May bef. Ch. 585, [28 1 47 45] o 22 37| 5 15 42 3Þo 3 50 47 
Firſt Equation, . Ces ig. .00. #7 — 407 Node, 
Time once equat. [28 1 46 8 6 14 41 20 5 15 41 17 and Arg. fourth 
Second Equation, | 2 15 1|Arg, zd equation. Arg. 2d equation. duation. 
Time twice equat. 28 1 9 | x 1 7 
Third Equation, | ＋ 19 | h 
R 5 | Spy ITY : So the true time was May 28th, at 2 minutes 
Time thrice equat. | 28 2 18 | : 
Fourth Rana, 4 a» ſeconds paſt IV ia the afternoon. 
True New Moon, 28 4 2 30 


Theſe Tables are calculated for the meridian of London; but they 
will ſerve for any other place, by ſubtracting four minutes from the 
tabular time, for every degree that the meridian of the given place 
is weſtward of London, or adding four minutes for every degree that 
the meridian of the given place is eaſtward : as in 


Gg 2 EXAMPLE 
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= - „ . * bs 
— nn + 1 —— 
— 87 * 2 
— 5 * 
. — = 
SED —— — — En 5 rr 2p — — ——— > 4 —__—  ———— — — 2 * 
as 
* 4 CO” 
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: By the Precepts. 


New Moon. | Sun's $ br Ge Moon's Anom. |Sun from Node. 
D; - H. M. 8 7 . S 4 11 * / | 
| March 1800,.. j 43 22 8 23 . 752 i 3 58 24 
Add 1 Lunation, | 22 12 44 5 8 +: O " 115 56s * 2 5 
From the ſum, 42 13 6 20 9 22 26 141 3 41 360 © 4 38 3 
ee e 27 18 9 19% - 8 50 ofo 15 42 of6 27 45 
N. M. before Chr. 201, 14 18 57 19 13 36 14410 17 59 36 5 6 53 38 
r e 454" | 3[6 4 1.2 
half Lunat. | 14 18 22 20 14 33 10 6 12 54 3000 15 20 7 
val Moon, „ 3 22 1 2000 5 48 9 26 15 2 
fn, I 3 $32.61 4 19 „— i 28 Pon from Node, 
Time once equat. 22 13 51 iis 18 27 2510 4 19 5;jand. Arg. four ; 
Second Equation, | — 8 25 4 dg. ga equat Arg. 2d. 4 5 quation. | 
Time twice equat. 22 55 26 17 
Third Equation, — 58 a | 
4 * Thus it appears, that: ne. true time of Full 
Time chrice equat. | 22 5 25 13 Moon at Alexandria, in September, Old Stile, the 
Fourth Equation, — 12 year before Chriſt 201, was the z 2d day, at 
1 | 26m. 28 f. after VII in the.evening, . 
Time at London, „ g | 
Add for Alexandria, Fact 2.331. by 
True time there, 2 7 26 28 


E. 8 ng the ng Tables. 


* 


— 


XAML E * 


r 


Required * true time of Full Moon at Alexandria in Egy in Septem 
- *: Oi Ste, the year before Chrift 20 1? pi ext _ 


205 


The years 200 added to 1800, make 2000, or 20 centuries. 


* 


EXAMPLE 


Examiples from the preceding Tables, | 229 


; , Wh 


Required the true time of Full Moon at Babylon in October, Old Stile, 


the year 4008 before the firſt year of Chriſt, or 4007 before the year of 
his birth? | | 3 
WS . 


The years 4007 added to 1793, make 5800, or 58 centuries. 


By the Precepts.. New Moon. | Sun's Anomaly. | Moon's Anom [Sun from Node. 
# | : — , 2 l . 
| DB. H. M. $45: „ „ > -# #43 0 60 
March 1793s. | :30 9 13 55 9 10 16 118: 7 37 58% 6. 16: ab} 
'Subtr. 5800 yedrs,. fig 12 38 yo 21 35 of6 24 43 % 13 Tt © 
N. M. bef. Chr. 4007, | 14 20 35 48 10 18 41 111 12 54 5800 23 17 26 
Add $7 Lunations, [200 17 8 216 23 44 156 o 43 3/7 4 41 38 
wa half Lunat. 14 18 22 20 14 33 106 12 54 30% 1 20 7 
Full Moon, October, 22 6 un 5 26 58 36]1 26 32 315 13 19 11 
[Firſt Bani — 1 6.1 in 2 26 — .5 sun from Node, 
Time once equat. aa 7 32 „ d $2 1olt :n6 2x a od Arg. 4th}. 
Second Equation, + 8 29 21 Arg. 3d equat. Arg. ad equat. equation. 
Time twice equat. 22 16 „„ 1 | 
'Third ion, — | | 
| 8 | WI So that, on the a of London, the true 
Fi 88 SG 6| time was October 23d, at 17 minutes 5 ſeconds 
ee, — 3 0 3 paſt IV in the morning; but at Babylon, the 


| | | | 3 3 was October 23d, at 42 minutes 
Full M t London, 6 46 ſeconds paſt VI in the morning.— This is 
EE for Babel” 3 Fi *. ſuppoſed by ſome to have been the year of the 

5 . Creation. a 


True time there, | 22-18 42 46 | 


To calculate the true time of New. or Full Moon in any given year and 
month after the 13th century, 


PRECEPT I. Find a year of the ſame number in the 18th century 
with that of the year propoſed, and take out the. mean Time and 
Anomalies, &c. of New. Moon in March, Old. Stile, for that year, in 
Table I. et: | 

II. Take fo many years from Table VI, as when added to the 

_ above-mentioned year in the 18th century, will anſwer to the given 
3 — 


By the Precepts. New Moon Sun's Anom. | Moon's Anom. | Sun from Node. 
D. H. M. S.| 3 6-1 oof ðöw ui" #4 ul 

March 1780, | 23 23 1 449 4 18 13] 1 21 7 47% 18 21 1 
Add 400 years, 17 8 43 29/0 13 24 ofto 1 28 6 17 49 c 


Subtr. 1 Lunation, 29 12 44 


N. ) Fuly 2180, "af 37 


Precepts and Examples 


year in which the New or Full Moon is required: and take out the 
firſt New Moon, with its Anomalies for theſe compleat centuries. 

III. Add all theſe together, and then work in all reſpects as above 
ſhewn, only remember to ſubtract a Lunation and its Anomalies, when 
the aboveſaid addition carries the New Moon beyond the 3 iſt of 
March; as in the following example. DD 


{7 "EXAMPLE VII. 
Required the true time of New Moon in July, Old Stile, A. D. 2180? 


Four centuries (or 400 years) added to A. D. 1980, make 2180. 


From the fam 41 55 17 42 13% 22 35 ͤ 0 10 . 
29 6 190 25 49 © 1 | 


9 
O 
New Þ March 2180, | i: 19 io] 8 18 35 54010 26 46 47/4 5 29 47 
3 
O 
3 


4 
Add 4 Lunations, 118 2 56 12 26 25 in 3-13-16 


15 1 11 2 10 2 8 8 10 421 
Firſt equation, — 1 3 


22 

39 9 38 3 — 24 12|Sun from Node, 
Time once equat. 7 20 53 4300 5 22 34] 2 9 38 35 ſand Argum, 4th 
Second ae, 1+ 9 24 *{Arg. 3d equat.] Arg. zd equat. equation. | 


Time twice equat. . 


Third equation, f ＋ 3 56] _ | 


— True time, July 8, at 22 minutes 55 ſeconds 


Time thrice equat. | 8 6 21 47 paſt VI in the evening. 
Fourth equation, „„ 
True time, Fuly, 8 6 22 55 


In keeping by the Old Stile, we are always ſure to be right, by 


adding or ſubtracting whole hundreds of years to or from any given 
year in the 18th century, But in the New Stile we may be very apt 


to make miſtakes, on account of the Leap-years not coming in 
regularly every fourth year :—And therefore, when we go with- 


out the limits of the 18th century, we had beſt keep to the Old 


Stile; and at the end of the calculation reduce the time to the 
| . | New. 


relative to the preceding Tables. 231 


New. Thus, in the 224 century, there will be 14 days dif- 
ference between the Stiles; and therefore, the true time of New 
Moon in this laſt Example being reduced to the New Stile, will 
be the 22d of July, at 22 minutes 55 ſeconds paſt VI in the 


evening. 


Jo calculate the true place of the Sun for any given moment of time. 

a” 

 PrEceyPrT I. In Table XII, find the next lefler year in number to 

that in which the Sun's place is ſought, and write out his mean Lon- 

gitude and Anomaly anſwering thereto: to which add his mean 
Motion and Anomaly for the compleat reſidue of years, months, days, 
hours, minutes and ſeconds, down to the given time, and this will 
be the Sun's mean Place and Anomaly at chat time, in the Old 
Stile, provided the ſaid time be in any year aſter the Chriſtian æra. 
See the firſt following Example. | 


II. Enter Table XIII with the Sun's mean anomaly, and making 
roportions for the odd minutes and ſeconds thereof, take out the 
2 of the Sun's center; which, being applied to his mean 
Place as the title Add or Subtract directs, will give his true Place 
or Longitude from the Vernal Equinox, at the time for which it 
was required. 


III. To calculate the Sun's place for any time in a given year before 
the Chriſtian #ra, take out his mean Longitude and Anomaly for the firſt 
year thereof, and from theſe numbers, ſubtract the mean Motions and 

Anomalies for the compleat hundreds or thouſands next above the given 
year; and, to the remainders, add thoſe for the reſidue of years, 


months, &c. and then work in all reſpects as above. See the ſecond 
Example following. . | 


EXAMPLE 


Exomples from the Preceding Tables. 


EXAMPLE 1 


Required the Sun's true place, March 20th, Old Stile, 1 1764, at 22 hours 


30 minutes 2.5 ſeconds paſt mon? In common reckoning, March 2 fe 
at 10 hours 30 minutes 2 5 ſeconds in the forenoon. 


To the radical year after Chriſt om | 1701 
Add compleat years => ww | 
| Dare | 

Biſſextile, Days 20 

Hours 22 

Minutes 30 

Seconds 25 


Sun's mean place at che given time 
Equation of che Sun's center, add — 


Sun's true place at the ſame time 


EXAMPLE 


' Sun's Longitude. . Sun's Anomaly, | 
PEE 5 
9 20 43 560 6 1 1 0 

© By 11 29 26 0 
1 420 47 11-20 16: © 
1 9 0 
20 47 $5. 4 20 41:38 

1 4 

1 14 s 14 5 

« 7 EO. 

o 10 14 36 9. 1 27 23 ; 

1 55 —g0 | Mean Anomaly. * 

o 's 10 12 <p 12 io 12 I 

H. 


Require! the Suns true place, October 23d, Old Stile, at 16 Jours 


57 minutes paſt noon, in the gooB8th year before the year of Chriſt 13 
"which was the 4007th before Foy gear of bis birth, and the year of- the 


Julian period 706. 

By the Precepts. | | 4 Sun's Longitude. | Sun's Anomaly. 

. | : ++ ww I 3 i 
From the radical numbers-after Chriſt = 1 7 642.10 1 6 38-48 o© 
Subtract thoſe for 5000 compleat years = 7 46 40 16-233 *#$- 0 
Remains, for a new radix . 555 8 6 30 1 

3 [ ooo HD. 6 4$8* © NRW 

| compleat years — ſ 80 o o 36 26-3 xx 0 
To which add, „ „„ 1 
to bring it to- , a9 44643 89 £0 
the given time Pays 23 2a 40 12 22 40 12 
| : Hours 16 39 26 +9309" 20 

Minutes 57 2 20 2-20 
Sun's mean as at the given time — 3 * Po : 3 33 38. 
Equation of the Sun's center ſubtract — : 3 4 ] Sun's Anomaly, | 


0 
ij ANNIE 


.Sun's: true place at the ſame time 


8 


— calves. © a4t 


8s that, in the meridian of London, the Sun was then juſt entering 
the fign Libra, and conſequently was upon the point of the 
Autumnal Equinox. | ; De 
If to the above time of the Autumnal Equinox at London, we add 
2 hours 25 minutes 41 ſeconds for the longitude of Babylon, we ſhall 
have for the time of the ſame Equinox at that place, October 23d, at 
19 hours 22 minutes 41 ſeconds; which in the common way of 
reckoning, is October 24th, at 22 minutes 4.1 ſeconds paſt VII in the 
morning *, a „ Z 
And it appears by Example VI, that in the fame year, the true time 
of Full Moon at Babylon was Ofober 23d, at 42 minutes 46 ſeconds 
after VI in the morning; ſo that the Autumnal Equinox was on the 
day next after the day of Full Moon. —The Dominical letter for 
that year was G, and conſequently the 24th of October was on a 
Wedneſday. „ 


To find the Sun's diſtance from the Moon's aſcending Node, at the time of 
any given New or Full Moon; and conſequently, to know whether there 
is an Eclipſe at that time, or nor. ERS - 


The Sun's diſtance from the Moon's aſcending Node is the argu- 
ment for finding the Moon's fourth Equation in the Syzygies, and 
therefore it is taken into all the foregoing Examples in finding the times 
thereof.— Thus, at the time of mean New Moon in April 1764, the 
Sun's mean Diſtance from the aſcending Node, is of 5 35 2. 
See Example I. pag. 224. | 92555 
The deſcending Node is oppoſite to the aſcending one, and they are 
juſt ſix Signs diſtant from each other. 5 1 
When the Sun is within 17 degrees of either of the Nodes at the 
time of New Moon, he will be eclipſed at that time: and when he 
N. B. 7 page 110, line 7 from the bottom, Ve Sept. 12th read Sept. 11th, and in 
the 1 line, for the 26th of October read the 25th of October. * > 
be — * why this calculation makes the Autumnal Equinox, in the year of the 
ian Periad 706, to be two days ſooner than the time of the ſame Equinox mentioned 
in pag. 110 (corrected as above) is, that in that page, only the mean time is taken into 
the account, as if there was no Equation of the Sun's motion. | 7 5 
The Equation at the Autumnal Equinox then, did not exceed an hour and a quarter, 
when reduced to time,—But, in the year of Chriſt 1756 (which was 5763 years after) 
the Equation at the Autumnal Equinox amounted to 1 day 22 hours 24 minutes, by 
which quantity, the true time fell later than the mean.—So that, if we conſider the 
true time of this laſt- mentioned Equinox, only as mean time, the mean Motion of the 
Sun carried thence back to the Autumnal Equinox in the year of the Julian Perigd 706, 
will fix it to the 25th of October in that year, 1 1 | 7 
N | | is 


5 12 e eber of n of Full Moon, 


eclipſed. Thus we find, that there will be 
an Eclipſe of the kv at the time of New Moon in April 1564. 


But the true time of that New Moon comes out by the Equations 
to be 130 minutes 46 ſeconds later than the mean Time thereof, by 
co ng theſe times in the above Example : and therefore, we muſt 
add ke Sun's motion from the Node during that interval, to the above 
mean. Diftanee & 5 35 2 8 which motion is found in Table XII, for 
50 minutes 46 ſeconds, to be 2 12”. And to this we muſt apply the 
Equation of the Sun's mean Diſtance. from the Node, in Table XV, 
found by el Sun's anomaly, which, at the mean time of New Moon 
Be . 16 20 19 3 and then we ſhall have the Sun 's trac 

frm Node, at the true time df New Moon, as: follows: 


Sun from Node 

i 
At mean time of New Moon in April 994 0 5 35 2 
"Sts motion frome the Node for 1 c * * . 
Sun's mean Diſtance from Node at true New Moon by 85 5 | -— 3 4 
Equation of moan Diſtance from Node, add „s 


ums te Diſtance from the aſcending Node f 4 1 


Wich, being far within the above limit of 17 degrees, ſhews that 


he Sun muſt chen be eclipſed. 


And now we ſhall ſhew how to project this or eclipſe, 
either of the gun 6 . on * 


dene e Eh- N g 


m order to this we muſt find the ten following Elements, by means 
of the Tables. 

1. The true time of conjunction of the Sun and Moon; and at 
that time, 2. The ſemidiameter of the Earth's diſc, as foen from the 
Moon, which is equal to the Moon's horizontal allax. 3. The 


Sun's diſtance from the ſolſtitial Colure to which he is then neareſt. 
4. The Sun's declination. . 5. The angle of the Moon's viſible path - 
with the Ecliptic. 6. The Moon's — 7. The Moon's true 
herary motion from the Sun. 8. The Sun's ſemidiameter. Ko The 
Moon's. 10. The ſemidiameter of the Penumbra, =_ 4 

2 We 


* 


In 
20 dhe tructime of New Moon. "his, by Example L. pag, 224, 8 
| 9 to be on the firſt day of the fad month, at 39 minutes 25 ſeconds 


 Etments for Solar Ectipfes. 
We fall now Protred t to find theſe Elements for the Sun's Eclipls 


after X in the 55 
> Moi rs horizontal | grallax, or ſemidiameter of the 


„ 46 0 
Eartb Ye een from the Moon. Enter Table XVII, with the ſigns 


and de che Moon's anomaly (making proportions, becauſe the 

Anoma ary in the Table only to every 6th degree) and thereby take 

out oot. Moc 8 horizontal parallax ; 3 which, 135 the above time, 
o the Anomaly 1159 24, 21”, is 54 

Ti the Sun's dlſlance 72 the neare Sante, g. the beginning 

, Which js 7 cap 90 from the beg wy of Aries. It appeass 

the blk Example on-page 232 (where 1 un's place is calculated 


to the above time of New Moon) that 5 the Sun's longitude from the 


beginning of Aries is then of 12 10 12 e the Sun's 5 
tat times op Arc, 12 10⁰ 12. ; 7 


5 
75 


A vob 25h 2 coral 0 
Theteforé from W & 8 8 9 
Subtract the Sun's age or plage 0 12 10 12 
Remains the Sun's diſtance from the Solſtice 8 = 2 2 49 48 


Or 77 49 48*; each fign containing $0 degroes. 


5 4. 7 find the Sun's declination. Enter Table XIV. with the 6gns 
and degrees of the Sun's true place, via. of 4, and making propor- 


tions for the 100 12”, take out the Sum (declination anſwering to his 


teue place, and it il be found to be 40 north. 


* 775 find the Moon's latitude, This depends on her diſtance from 

her 14 Node, which is the ſame as the Sun's diſtance from it 
at the time of | 

But we have already found, that the Sun's equated diſtance from the 


New Moon; and is thereby found in Table XVI. 
aſcending Node, at the time. of New eos in April 1764, is 


1 42 14”. Ger the þ 


Page. 
Therefore, enter Table XVI. with o ſigns at the top, and 


8. degrees at the left hand, and take out 165 39”, the latitutle 17 „„ 
and 4 51“, che latitucle er 8: and by R ropartions between 
theſe! latitudes for the 4 14", by which the Moon's diftance from 
the Node exceeds 7 Mg, her true ue wilt be Wund to be 
1% 100 north aſcending. = puts 


i f „ «6. 


* 


235 


Moon's anomaly, viz. 11* 9% 24 21” 


De Delineation of Solar Rab. 


6. 75. fd the Moon's true borary notion from the Fun. With the 
, enter Table XVII, and take 
out the Moon's horary motion; which, by making proportions. in 
that Table, will be found to be 3 0 220 Then, with the Sun's 
aromaly, ꝙ 1® 26 19”, take out his horary motion 2' 28” from. the 
fare Þ Table: and ſubtracling the latter from the former, there will 
515 b, A 756 for the Moon's true horary motion from the Sun. 
7 the an 71 » of the Moon's vifible path with the Edliptic.. This, 

in Jo 6. ar Eclipſes, may be Aways rated at 5? 3 5 5 ae 
any ſenſibie error. 
8, 9. To ' find the ſemidiameters of * Sin and Moon. Theſe are 
found in the ſame Table, and by the ſame Arguments, as their horary 


Mstions.—In the preſent caſe, the Sun's anomaly gives his ſemi- 


lameter 16 51 and the e PL 0% 


1 ee 
4 | 
| 20 Te 0. fond 


| of the united via 31 4 | 
Collect now theſe Elements, that 3 may be oy more readily _ 


bes they are wanted in the conſtruction of this Fele 


1. True time of New Moon in * . 10 = 2 2 25 
„ as the Earth 8 iſe: 811 5; Lan Ro * 1 84 75 
. Sun's diſtance from the neareſt Solſtice 7 49 gy 
a8 Sun 8 deelination, 'north - - IF POT LED {; 5 8 Ate % \ 49 


5. Moon's latitude, north benéng 2012 7018 al 5 40 18 
6. Moon's horary motion from the unn — 27 54 
7. Angle of the Moon's viſible path with the Ecliptic ptic 5. 3 8 

* Sun s ſemi diameter RI En . 8 
- 9s; Moons ſemidiam ester 4 57 
10. „ eren PROT went ere 3 gall 7 . 241 = 


* price an Bethe 1 the Sun eme, : ; 5 a 4 be 


#34*73 0 


8 30 
3 0 
TY 


PLATE XII. Make a ſcale of ; any Ku IM length. as 4G, and Geide i FF indo, 25 


Fig. I. 


wot equal parts as the Earth s ſemi-diſe contains n of cen 5 
which, at the time of the Echpſe in April 1764, is 54 

with the whole length of the ſcale as a radius, deſcribe ER —— 
AMPB upon the center C; which ſemicircle ſhall repreſent the. northern 


. > the * enlightened «as, as Rn from the Sun. 
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The Geometrical Conſtruction 
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Upon the center C raiſe che ſtraiglit line CH, perpendicular to the . 
iameter ACBzxſo:A z ſhall be a part of the Echptic, and CE ts 
line of chords z; and taking from thence the chord of 23 degrees tiy Ef 
your; compaſs, ſet ;itooft>both ways from H to g and to h, inthe | | "8 
periphery; efrthe femi-diſc'; and draw the ſtraight line g Nh, inwhich 
the North Pole of the Diſc will be always found. 91 
When the Sui is in Aries, Taurus, Gemini, Cancer, Leo, and 1 
Virgo, the. North Pole of the Earth is enlightened by the Sun: but 1 
whilſt the. Sun. i in the other ſix Signs, the South Pole is enlighitened) 1 
and the NortiviFolel is i the dank 990 Ko 
And when the Sun is in Capricorn, Aquarius; Piſces) Akies;.Tatitas; f 
and Gemini, the northern half of the Earth's axis C NII N lies to the | 1 
right hand of the Axis of the Ecliptic; as ſeen from the Sun; and to | | 
ie left hand, whilſt the Sun is in the other fix Signs &; 
212 A the radius (or diſtance of the two lgd's) of / the ms 
ſineg bo equal: to the length of V bh, and take the ſihecof-the'Sun's 11 
_ diſtance from the Solſtice ( 49, 48“) as nearly as you cart gueds, in ED, A 
Vyoup compaſſes, from the line of ſines, and ſet off that diſthnè from 
t Rm the line g Vb, becauſe the Earth's axis lies to the right hand. 
of che Axis of the Ecliptic. in this caſe, the Sun being in Aries; and 
draw the ſtraight. line ¶ XII N for: the Earth's axis of which P is the 
North Pole. If the Earth's axis had lain to the left hand. frtm the: 
Axis of the Ecliptie, the diſtande N Noỹuld have bee ſet off from 
Mtewands g:. ooo! id Yo e gn 37 r 0 obo Sf mofiyiocs 
Ig draw the Parallel 1 


* * 4 * v 
r 
n 9 

PS 8 n 

- 
— 
1 
* 3 * 


c Latitude of any given place, as ſuppoſe 
London, or the) path: of that place enothe Earth's enlightened diſei as 
ſeen from the Sun, from Hun fſelitill Sun-ſet, takd the-followinls = 
method 1 bull! ono od . —. 2 0 Oni: i fh d GN. | 
Subtract the Latitude of London 5125 from go, and the remainder | 
38˙¹ will be the cd - latitude, which take in your compaſſes from the _ : | 
line of chords, making CA or CB the radius, and ſet it from h (where | al 
the Farth's axis meets the Periphery of the Diſc): to VI and MI, and 
draw the occult or dotted line VI K VI. Then, from. the points vuere 
this line meets the Earth's diſc, ſet off the chord of the Sun's decſma- 
tion 49.49 to D and F and to E and G, and connect theſe points by | 
* thetwo occalt.lines F.XI- G and DLE. Pas n dne | 4 
| gZiſect LK XII in K, and through the point K draw the black | : 1 = 
Une YI & VI. Then making CB the radius of a line of ſines oi the 11 
' ſector, take the co-latitude 38% from the fines in your compaſſts, _ = 1 


. 
le 1 
nn . enn. 
— — 


Aris ef the | 
7 CH by the right-line C 2,——If the Moon's latitude ha been 


The Delineation of Salas ln, 


bet it bach ways fron! K. 40 VI end W- Aue edv v be 
juſtn- the oder of the Dite ut che Equintths) buvkt: ab er te if 


the whole year. 
With the ettent K VI taken i in pou 


(in -the black line below the occult one) m u center, and with the 

ether foot deſcribe the Emicuncle Vi 5:8ig-vo)Brte? and dwiade it into 
zu equal parte. 9 — from theie points: 5 diviton, date the cecul 
| lines id. 8 0, 9 1, Ste. paraticl'to:cheBarth's axis & P.. 


the ball erbent X XII as a madig, deſeribe” the. eee : 


Are XII and divide it into ſix equal parts, n XII u, , 5a, . 
4% and e , i nnd throuphithe diviſim-pcunts u & ©, e dau Ae 


occult lines VII e V, VIII 2 IV, INH, Xi H, und M 2 I. ban 


parallel to VI VI. und inceting dhe former becult dinte 8 8 
ia che points! VII VII X X II VIV III i und 1 which 2 lis 


hall mark che ſcvoral fitvations of Lander vn'the Kurtis tliſe; at theſe 


; hours reſpectivelx, a8 feen from the Sun; und de — W 5 
VI VII VH, sc. being dran throagh theſe x in, mall ri 
mme Parallel of latitenſe, or path of Landes dn Diel e Hom | 
tte San; from it's aiſing mts ſettiin i non enen 


M . I the Suns dechnation tha We een of 


| Dondhn would have been on dhe upper He ef ths tine WIK WI. and 
would have touched the me D La in L.. n . to 

__ divide the horary>ſpaces ingo unters Na eee 

ii cpaſſihir, into minutts alſo. uu. 


mann the tadiusidf aer ee 
; therefrom the chord of 5* 35, the angle of the Moon' com Path 

wah the Ecliptic, wet itsoff om MuHontlie leſt hard of *O-f7, the 

dotmuſe the  latirutie db wice 


notth-defending, the axis of Der- Orbit Wound have böen vn dhe ficht 
band from dhe Iris of dhe cliptio V. B. The Axis f che M OO 


exbit lies the ame hen ther Latititteis (ſouth: aſcendivig, apwher # 
5 dea andthe fine er e er e en 


| . eve 10 10 0 „% 
ue . lainidego Lee laschen wat eee een. 
fy paſſes, and ſet it from to kth che! biſeting line e 
Parallel to Cy: and through x, at. digh gebe 1th ai che 
Minor so orbit U 1draw fraipht lines 

SD gina eos burden ro gt ang AE poiht 0, if the 
85 1 eee eee eee eenter 


ee 


. for\the pad of 


# e 4 e | 


The Delineation of Solar Exlipfos. 


— neareſt to the center of the Earth's diſe} and eonſe. 
| ly 3s the middle of the general Eclipſe; the point * is chat where 
quent conjunction of the Sun and Moon falls, according to equal time 
byes the 1 Tables; 3 and the point vis the ecliptical conjundtion o f the Sun 
and Moon. 


Take the Moon's true horary motion from the Sun, - 27 54, in yput 
es, from the ſcale CA (every diviſion of which is 2 minute 


of a degree) and with that extent make marks along the path” ef 


5 the Penumbra't oenter; and divide each „ from mark to mark, 


into 60 e parts or horary minutes, by dots 3 and {et the hours a» 
minute in fach a manner, that the dot ſi ignifying 


every a 
nnſtant of New Moon by the Tables, may dn iber we Poi 2 ff 
way between the Axis of the Moon's orbit, and the Axis of 8 . 


Exlüptio; and then, the reſt of the dots will ſhew'the Poitts on th e 


Earth's diſe, where-the Penumbra's center is at che Anſtants denoted "by : 


them, in it's Tranſit over the Earth. - oy 
Apply one fide of a ſquare to the line the Penumbet's pals; and 
ani ſquare backwards and forwards, until the ether fide of ſt 
cuts — tou! and minute (as at n and ) both in che patlr of 


London, and in the path of the Penumbra's center: and the particular | 


minute or inftant which the ſquare cuts at the ſame time in both x 
ſhall be the inſtant of the viſible conjunction of the Bun and Mo 
greateft obſcuration of the Sun, — glace for which che desen 
is made, namely, Condom, in the preſent example; and this Ume is at 
471 minutes ouſt X o'clock in the morning; which 18 27 minutes 
5 ſeconds later than the tabular time of true con} 

Tube the Sun's ſemidiameter, 16“ 16”, in your — ow 
the feale Cad, and ſetting one foot in the path of Londen at n, nam 
at 474 minutes paſt X, with the other foot deſcribe the cirele . 
which ſhall repreſer the Sun's.difc as ſeen from — 
dbſcuration.— Then take the Moon's — 
compalles from the ſame ſcale ; and ſe one foot in 
 Penumbra's center at m, in the 474 a ay hi put of th _ 
foot deſcribe the circle T T for the Moon's diſc, as feen from 
London; at the time when the Eclipſe is at the greateft; 250 he 
of the .Sun's diſc which is hid or cut eff by che Men's; 


— quantity of the Eclipſe at that time; whichiquantity 859 05 : 


meaſured on a line equal 10 the Sun'sdidrgoter, and divided” ine dels 


| al parts for digits. 
EET — jſornidiamerer' of: the Penumbra, me 3 | Goth ch 


ſcale CA. in — ſetting one ot kr che Ahe 2 


N Penumbra's 
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The Nꝛlineution of Solar. Eclipſes: 


Penumbra's central path; ori: the left hand from theo Ark of the 
Eeliptie, direct the other: foot toward the path of Londm'; and carry 


that, extent backwards and forwards, till both the points of the com- 


paſſes fall into the ſame inſtants in both the paths: and tlieſe inſtants 
will denote the time when the Eclipſe begins at London. Then, do 
the like on the right hand of the Axis of the Ecliptic; and where the 
points :of the compaſſes fall into the ſame inſtants in both the paths; 
they will ſhew at what time the Eclipſe: ends at Lonin. 0 

Theſe trials give 20 minutes after IX in the morning 7 the bes 
ginning of the Eclipſe at London, at the points N and O; 475 minutes 
after , at the points m and n, for the time of greateſt obſcuration z 


and 18 minutes after XII, at R and &, fori-the time when the Eclipſe 


ends 3, according to mean or equal time. 10. ain A 363. a22v39d t 1 


: al From the £ times,we. muſt ſubtract the equation of natural days, vin. 


zuminutes 48 ſeconds,” in Leap- year April; and we ſhall have the aps 
ent times; namely, IX hours|16 minutes.12 ſeconds: for the beginning 
of che Eclipſe, X hours 43 minutes 42 ſeconds for the timerof greateſt 


| J ee and) XIISheurs 14 minutes: 12, ſeconds fan the time when 


Ecliplh ends. —HBut the beſt way i:. apply this. Equation to tho 
ug l. time of New Moon, beſote the projection be begun; a 
is done in Example I. For the motion or poſition ft Ns: on the 
Earth's diſc anſwer ta apparent or ſolar tige. 190 
In, this conſtruction it is ſuppoſed, that the angle u der which the N 
Moon! s diſe is ſeen, during the whole time of the Eclipſe, continues 
invariably. the ſame; and that the Mooh's motion is uniform and 
rectilineal duripg that time. But theſe ſuppoſitions do riot exactly 


| 1253 with the truth; and therefore, ſuppoſing the Elements given by 


e Tables. to be accurate, yet the times and phaſes of the Eclipſe, 


| deduced from its conſtruction, will not anſwer exactly to what paſſeth 


in the Heavens but may be at leaſt two or three minutes wrong, thoug 
done with the greateſt, care. Moreover, the paths of all places of 


| conſiderable latitudes are. nearer the center of the Earth's diſc, as 


ſeen from the Sun, than thoſe conſtructions make them; becauſe the 


Diſc is projected as if the Earth were a perfect ſphere, although it is 


known. to be a. ſpheriod.-. Conſequently, the Moon's: ſhidow will go. 
farther. northward. in all places of northern latitude, - and facther: 


ſouthward in all places of ſouthern latitude, than it is ſhewn to do in 


theſe, projections. According to Meyer's Tables, this Eclipſe will be: 
about a quarter of an hour ſooner than either thoſe Tables, or 


Mr. Flamſterd s, or Pr. Halls make it: and will not be e lat 


3 But M. Be l Gailke's 8 Thake! it alot 2 os "Ut N The 
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EY th me when ſhe is full, ſhe will be eclipſed, | otherwiſe 


«40.20. - a 


80% find by Example IT, page 22 5, oo at the time of mean Full 


Moon in May, 1702, the Sun's diſtance from the aſcending Node 

Was only 4,49 35”; and the Moon being then oppoſite to the Sun, 

mA tire | been Juſt as near her ASP Node, and was s therefore 
5 | 

1, The elements for conſtryAing an TOO of the Moon, are eight i in 

Humber, as follow: 

1. The true time of Full Moon: and at that time, 2. The Moon's 
horizontal parallax. 3. The Sun's ſemidiameter. 4. The Moon's: 
5. The ſemidiameter of the Earth's ſhadow at the Moon. 6. The 
Moon's . Al 7. The angle of the Moon's viſible, path with 

8. The Moon's true horary motion. "from the 
Pen. ee 
1. Jo find the true time EC Full 1 Work as already. taught 
355 | the Precepts.— Thus we have the true time of Full Moon in 
W (See Example II. page 225) on the Sth 525 at 50 minutes 
50 ſeconds paſt III o'clock in the morfiggss „: mon Bang r 
"— BT find 7 the Moon's horizontal. parallax. 15 Table XVII with 
iſe Moon's mean Anomaly (at the above full) 9˙ 2 42 42”, and 
thereby take out her horizonal Parallax; we. by makin, 8 the 
requiſite h will be found to be a 
3. 4. To find the en emidiameters of the 5. "nd 8 "ae 
Table NI Moin eir reſpective Anomalies, the Sun s bein 


, 


10 5* 27:45" (by the above Example) and the Moon's gf 2" 42 4% 


and thereby take out their reſpective ſemidiameters: the Sun's 15 56, 
and the Moon's 15 38“. 

5. To find the n denen of the Earth's ſhade at at. the Mon. Add 
he Sun's horizontal parallax, which f is always 10% to the Moon's, 


which in the preſent caſe'is 57 23”, the ſum will be 57 23", from 


which ſubtract the Sun's ſemidiameter 15 56", and there will remain 
41” 37” for the ſemidiameter of th 11 014 _—_ OY 8 e hs 
the Moon then paſſes through. 
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Wh 8 Mol is within 12 degrees of either of her Nodes, 
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ment, enter Table XVI, making 
| belonging to the bth and: Bags. degrec of the — ate che left hand 


6. To find the Moon's latitude. Find the Sun's true diſtance from 
the aſcending Node (as already taught in page 233) at the true time 
of Full Moon; and this diſtance inereaſed by fix ſigns, will be the 
Moon's true diſtance from the ſame Node; and conſequently the 


nt for finding her true latitude, as ſhewn in page 235. 

— Tha, in Example IT, the Sun's mean diſtance from the aſcendi 
N e was © 4* 49 35”, at the time of mean Full Moon: but it 
moore by the Example, that the true time. thereof was 6 hours 

3, minutes $5. ſeconds ſooner than the mean time, and therefore we 

the. Sun's motion from the Node (bund im Table XII, 

Page. 247). „during this interval, from the abeve mcan diſtance, 
o' 4 49 35%, in order to have his mean diſtance from it at the true 
of Full Moon. — Fhen to thi Wo y.the Equation. of his mean 

gn ance - wo the omg? found in Table NV. by his mean nomaly 


10. 7e Gates ow: laſtly. add fix . ſo ſhall the Moons true 
rom al aſce wo = 


"ng. Node 0 as follows: 
80 fi Node a at ron Movh | $ 06; 5: > 8 od 
un m mean | E 1 e 2 11 2 34 
| '6 hours ST IONS 5 — SS. 11h; 
His motion. from it in) 33 minutes 8 9 en ens 
J cee e 206, een 2 
| +1 , * 


Sum, ſubtract from the uppermoſt line, 1 301% II Nee ahots $4 
bs Ng ; 5 * * 2 
Remains his mean Diſtance at true Full Moon > 0: S- 8. 44 


Equation of his mean Diſtance, add AE Her | hex 
' Sun's true Diſtance fram the Node | 17 2001 S971 20" /gÞ 
To which add ee ak OILS 


And the fur will be | fy Hong (ol cn F. roch 6 6 10 32 
beine: 
Which is the Moon” s true eee Gan = 5 at the 


true time of her being Falt ;. and conſequently the Argument for 
finding her true Latitude at that time. — Thecefare, with this argu- 


ns between 3 | 
(che ſigus being at.theitop) fan the: 19) 32“, and; it wilh give 32 21. 


. for the Moon's true latitude, which appears by the: Table ta be ſouth 


A 8. 


7. T6 


The Delineatiom of Lunar Etlifſes. 


7. To find the angle of the Moow's wü with the." Beliptic. 
Tile tay be ſtated at 5 35, without ay — of e | 
the proſection of the Eclipſe. _ 

8. To find the Moon's true horary motion from the Sun. With their 
reſpective Anomalies take out their horary motions from Table XVII, 
in page 221; and the Sun's horary motion ſubtracted from 
the Moon's, leaves remaining the Moon's true mans motion from 
the Sun: in the preſent caſe 30 52 * 8 48 


Now collect theſe Elements os for uſe. 


f. True time of! Full Moon in May, 17/8 


2. Moon s horizontal Parallax 

4. Sun's ſemidiameter -- 

4. Moo: $ 'ſernidiameter 
5. Semidiatneter of the Earth's nd at I Moon | 
6. Moon's true latitude, South deſcending . 
7. Angle of her viſible path with the Ecliptic 

85 Her true dm motion from He Sun 


0 000000 |w Tk 
—— 
4 
2 
O 


30 52 


Theſe Elements being wund for che conftruRtion of the Noon SPLATE XII. 


Eclipſe in May, 1762, proceed as follows : 


Make a ſcale of any convenient length, as W X, and hae it into Fig. Ul. 


60 equal parts; each part ſtanding for a minute of a degree. 
Draw the right line ACB (Fig. 3.) for part of the Ecliptic, 
and C D rpendiculat thereto for the ſouthern part of it's Axis ; z 
the Moon having ſouth latitude. | 
Add the ſemidiameters of the Moon and Earth's ſhadow e 
which; in this Eclipſe, will make 57" 15"; and take this from the 
ſcale in your compaſſes, and ſetting one foot in the point C as a 
center, with the other foot deſcribe the ſemicircle AD B; in one 
point of which the Moon's center will be at the beginning of the 
Esclipſe, and in another at the end thereof. 
Take the ſemidiameter of the Earth's ſhadow, 41 37”, in your 
compaſſes from the ſcale, and ſetting one foot in the center C, with 
the other foot deſcribe the ſemicircle K L M for the ſouthern half 
of the Earth's ſhadow, becauſe the Moon's latitude is ſouth in this 


Kclipſe. | 
: 11 2 Make 


Te Delineation of Lunar Eclipſes. 


Make C D equal to the radius of a line of chords on the ſector, 
and. ſet off the angle of the Moon's: viſible path with the Ecliptic, 
5 35, from D to E, and draw the right line CFE for the ſouthern: 
half of the Axis. of the Moon's Orbit, lying to the right hand from 
the Axis of the Ecliptic C D, becauſe the Moon's latitude is ſoutn 
deſcending.— lt would have been the ſame way (on the other fide: 
of the Ecliptic) if her Latitude had been north deſcending; but con- 
trary in both caſes, if hef Latitude had been either north aſcending or, 


_ ſouth aſcending. 


Biſe& the angle D C E by the right line Cg; in which line, the 
true equal time of oppoſition of the Sun and Moon falls, as given 
by the Tables. 

Take the Moon's latitude, 32, 21 from the ſcale with Jour 
compaſſes, and ſet it from C'to G, in the line CGg; and — ugh 
the point G, at right angles to CFE, draw the right line PHG FN 

the — of the Moon's center. — Then, F ſhall be the point in the 


Earth's ſhadow, where the Moon's center is at the middle of, the 


Eclipſe ; G, the point where her center is at the tabular time of her 
being full; and A; the point where her unter is at Ga, en of 
her ecliptical oppoſition.  . - A 5 

Take the Moon's horary — 9 Fg 2 us 30 52”, in your 
compaſſes from the ſcale ; and withsthat extent make tnarks: along 
the line of the Moon's path PG N. then divide each ſpace from 


mark to mark, into O equal parts, or horary minutes, and ſet the 


hours to the proper dots in ſuch a manner, that the dot Ggnifying the 


inſtant. of Full Moen (viz. 50 minutes 50 ſeconds after III in the 


morning). may be in the point G, where the line of the Moon' 8 Path | 
cuts the line that biſects the angle D C ? 16 


Take the Moon's ſemidiameter, 1 5 38% in your compaſſes Fom: 


the ſcale, and with that extent, as a radius, upon the points N, F. 


and P, as centers, deſcribe the- circle A, for the Moon at the be⸗ 
ginning of the Eclipſe, when ſhe touches the Earth's: ſhadow at V; 
the circle R for the Moon at the middle of the Eclipſe; and the 


eircle 8 for the Moon at the end of che Eclipſe, ; & leaving the, 


Earth's ſhadow at Y. 

- The point N denotes the inſtant when the Eclipſe gon namely, | 
at 15 minutes 10 ſeconds after II in the morning: the point F 
the middle of the Eclipſe, at 47 minutes 45 ſeconds. paſt II; and 


the point P the end of — Eclipſe, at 18, minutes. after V.—At te. 


greateſt obſcuration the Moon is 10 digits e. 1 


3 . 
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An antient Eclipſe of the Moon deſcribed. 


Concerning an anti ent Eclipſe of the Mcon. ö 


It is recorded by Ptolemy, from Hipparcbus, that on the 22d of 
September, the year 201 before the firſt year of Chriſt, the Moon roſe 
ſo much eclipſed at Alexandria, that the Eclipſe muſt have begun 

about half an hour before the roſe. Ft. * 8 

Mr. Corey puts down this Eclipſe in his Chronology as follows, 

among ſeveral other antient ones, recorded by different authors. 


Tal. Per. Ecl. E Per. Calip. 2 An. 54. Hor. 7. Nabonaſſar 

45133 f P. M. Alexandr. Dig: ecl. ro. © © „„ 
Sp 22. I Palm. I 4. 6: 114 Meſor. 16. 

That is, in the 45 13th year of the Julian period, which was the 
547th year from Nabonaſſar, and the 54th year of the ſecond Calippic 
period, on the 16th day of the month Meſori, which anſwers te 
the 22d of September, the Moon was 10 digits eclipſed at Alerandrim 
at 7 o'clock in the evening. . 

Now, as our Saviour was born (according to the Dionyfian, or 
vulgar Era of his birth) in the 4713th year of the Julian period, 
it is plain that the 4513th year of that, period, was the 2ooth year 
before the year of Chriſt's birth; and conſequently 201 years before 
he yr, 8 f „ 
And, in the year 201, on the 22d of September, it appears by 


Example V. (page 228) that the Moon was full at 26 minutes 28 


ſeconds paſt VII in the evening, in the meridian of Alexandria. 


At that Time, the Sun's place was Virgo 26 14', actordi % 
our Tables; ſo that the Sun was then within 4 degrees of the Au- 


tumnal Equinox: and according to caleulation, he muſt have ſet at 84055 


Alexandria about 5 minutes after VI, and about one degree north 
The Moon being full at that time, would have riſen juſt at Sun 
ſet, about one degree ſouth of the eaſt, if ſne had been in either of 
her Nodes, and her viſible place not depreſſed by Parallax. 


But her parallaQic depreſſion (as appears from her Anomaly," v. 


10˙ 6* nearly) muſt have been 55 17“; which exceeded her whole 
diameter by 24 53“; but then, fhe muſt have been elevated 33“ 45* 
by refraction; which ſubtracted from her Parallax, leaves 2 32 
for her Viſible or apparent depreſſion... n. 
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And her true latitude was 307 north deſcending, which being 

_ contrary to her apparent deprefiion, and greater than the ſame by 

8' 58”, her true time of riſing muſt have been juſt about VI o'clock. 

Nov, as the Moon roſe about one degree fouth of the eaſt at 

-Mexandria, where the viſible Horizon is land, and not 1ea, we can 

hardly imagine her to have been leſs than 15 or 20 minutes of time 
above the true Horizon before ſhe was vifibles © ne 
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Why the fix- 334. 
ed Stars ap- | . 


L uleteeps light: Which are emitted direQtly from them, but by. many thouſands 


| ng 
ethers. Any one may be ſenſible of this, by looking at a Star of the 
firſt magnitude through · a lang narrow tube ; which, though it takes 
in as much of the ſky as would hold a thouſand ſuch Stars, yet ſcarce 
;renders that one viſible. e = 
| e 


Of the fixed Stars. 247 


The more a teleſcops magnifies, the leſs is the aperture through 
which the Star is ſeen; and conſequently the fewer rays it admits into 
the eye. Now ſince the Stars appear leſs in a teleſcope which mags A proof that 


nifies 200 times than they do to the bare eye, inſomuch that they 7 ee by 
ſeem to be only indiviſible points, it proves at once that the Stars | 


light. 
are at immenſe diſtances from us, and that they ſhine by their own 


proper light. If they ſhone by borrowed light, they would be as 
inviſible without teleſcopes as the Satellites of Jupiter are: for theſe 
Satellites appear bigger when viewed with a good teleſcope than the 
largeſt fixed Stars do. 7 | 75 bi 

- 355. The number of Stars diſcoverable, in either Hemiſphere, by 
the naked eye, is not above a thouſand. This at firſt may appear in» © 


credible, becauſe they ſeem to be without number: But the deception» 


ariſes from our looking confuſedly upon them, without reducing them Their num- 
into any order. For look but ſtedfaſtly upon a pretty large portion af Per much def: 
the ſky, and count the number of Stars in it, and you will be ſarpiiſedꝭ to rally — 
find them fo few. Or, if one conſiders how ſeldom the Moon: meets ed. 
with any Stars in her way, although there are as many about her Path 


as in other parts of the Heavens, he will ſoon be convinced that the 


Stats are much thinner ſown than he was aware of. The: Brits 
catalogue, which, beſides the Stars viſible to the bare eye, includes a 
great number which cannot be ſeen without the aſſiſtanee of a tele- 


ſcope, contains no more than 3000, in both Hemiſph eres. 
3350. As we have incomparably more light frem the Moon than The abſurdi- 


from all the Stars together, it were the greateſt abſurdity to) imagine N of ſuppoſ- 


that the Stars were made for no other purpoſe than to caſt a faint light SEO] Um 
upon the Earth :. eſpecially ſince many more require the aſſiſtance of a only to en- 
good teleſcope to find them out, than are viſible without that inſtru- _ 
ment. Our, Sun is: ſurrounded by a ſyſtem of Planets and Comets; 

all: which would be inviſible from the neareſt fixed Star. \Andifvom 

what we already know of the immenſe. diſtanes of the Stars, tlie 

neareſt may be computed at 32, ooo, ooo, ooo, ooo of miles from us, 

which is further than a cannon · bullet would fly in-7,000,000 f years, 

Hence it is eaſy to prove, that the Sun, ſeen from ſuch; a; diſtance, 


would appear no bigger than a Star of the firſt magnitude. From: all 
- this it is highly-probable that each Star is a Sun to-a ſyſtem of worlds 


moving round it, though unſeen by us; eſpecially, as the dodtrine: of 
a plurality of worlds is rational, and greatly manifeſts: the Power, 
Wiſdom, and Goodneſs, of the great Creator. ©0202 2 2 


357. The Stars, on account of their apparently various magnitudes, Their diffe- 


have been diſtributed into ſeveral claſſes or orders. Thoſe which de Sni 


248 „ O tbe fixed Stars. 


appear largeſt, are called Stars ef the firſt magnitue; the next to them 

in luſtre, Stars of the . on to the ſurb, which 
are the ſmalleſt that are viſible to the bare eye. This diſtribution hav- 
ing been made long before the invention of teleſcopes, the Stars which 
cannot be ſeen without the aſſiſtance of theſe inſtruments, are diſtin- 
guiſhed by the name of Telſcopie Str.. 
And divifion « ,358. The antients divided the ſtarry Sphere into particular Conſtel- 
into Conſtel- lations, or Syſtems of Stars, according as they lay near one another, 
lations. 0 as to occupy thoſe ſpaces which the figures of different ſorts of 
animals or things would take up, if they were there delineated. And 
thoſe Stars which could not be brought into any particular Conſtel- 
- lation, were called unformed. Stars. | - Aden ; 71 £90 - : 111 CET 
The uſe of 359. This diviſion of the Stars into different Conſtellations or 
this divifion. Aſteriſms, ſerves to diſtinguiſh them from one another, ſo that any 
Particular Star may be readily found in the Heavens by means of a 
COaleſtial Globe; on which the Conſtellations are fo delineated as to 
put the moſt remarkable Stars into ſuch parts of the figures as are 

mmoſt eaſily diſtinguiſhed. - The number of the antient Conſtellations 

is 48, and upon our preſent Globes about 70. On Senex's” Globes 

are inſerted Bayer's Letters; the firſt in the Greek Alphabet being put 

to the biggeſt Star in each Conſtellation, the ſecond to the next, and 

ſo on: by which means, every Star is as eaſily found as if a name were 

given to it. Thus, if the Star in the Conſtellation of the Ram be 
mentioned, every Aſtronomer knows as well what Star is meant as if 
. ere pointed Cut te him in the Fewen s. 
The Zodiac. 360. There is alſo a diviſion of the Heavens into three parts: 
I. The Zodiac (gadias e.) from gad Zodion an Animal, becauſe 
moſt of the Conſtellations in it, which are twelve in number, are the 

R MAHgures of Animals: as Aries the Ram, Taurus the Bull, Gemini the 
Twins, Cancer the Crab, Leo the Lion, Virgo the Virgin, Libra the 
Balance, Scorpio the Scorpion, Sagittarius the Archer, Capricornus the 

Goat, Aquarius the 'Water-bearer, and Piſces the Fiſhes. The Zodiac 
goes quite round the Heavens: it is about 16 degrees broad, ſo that it 
takes: in the Orbits of all the Planets, and likewiſe the Orbit of the 
Moon. Along the middle of this Zone or Belt is the Ecliptic, or 
Circle which the Earth deſcribes annually as ſeen from the Sun; and 
which the Sun appears to deſcribe as ſeen from the Earth. 2. All 
that Region of the Heavens, which is on the north ſide of the 
Zodiac, containing 21 Conſtellations. And 3. that on the ſouth ſide, 
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361. The antients divided uthe Zodiaci into the above 12 Conſtel- The manner 


lations or Signs in the following r hey took a veſſel With 
| led. 


fmal} hole in the bottom and haying 
the ſame to diſtil drop by . into another veſſel ſet beneath to teceive 


it; Beginning at the. moment when ſome Star roſe, and continuing 


until, jt roſe, the next following nights, The; water fallen down into 


the rgeciver they divided into twelve equal rts;7and having —— 
ſmall veſſels in readineſs, each of them fe t to contain one part, the 
again poured all the water into tlie Upper veſſel, and obſervin 
riſing of ſome Star in the Zodiac, they at the fame time — 
water to drop into one of the ſmall veſſels; and as ſoon as it — 
full, * they ſhi 

each. yeſſel was full, they took notige What Star of the Zodiac rgle 5 
and though this could not be done in one night, yet in many, they 
obſerved the riſing of twelve Stars or points, by which they divided 


the Zodiac into twelve parts. 5 8 eh DDR 


? 


| 363. The names of the Conſtellations; we ihe number of: 
obſetyed i in each of them by different Aftropamers, are as follow.” 4 


PE The antient Conſtellations. | 1 en Bebe. eng Flur bed. { 

Urſa minor The Little Bear 8 7 12 24 
Urſa major The Great . | 35 29 73 87 
Draco eee 02 2a 1 . 49 80 
Cepheus ephe SE 51 35 
Bootes, Ar&ephilax 2%» 3 28 J 54 
Corona Borealis The Northern -Crown | 49959 * 2 21 
Hercules, Exgonqſin Hercules N 29 48 113 
4 G The Dr 10 : "as WY 2 

nus, na 1 . aus ; {6 
G iepea 2 The The Lady in tix Chai = "J7.— oY 
Perſeus >| Perſtus 29 18 509 
Auriga - 0 Waggonet | FFF 40 66 
Serpentarius, Opbiuchus Serpentariss 20. Wan #: A 74 
Serpens The Serpent 198 I > iS 1 
Sagitta * The Arrow x 6 5 5 — Fi 4 18 
Aquila, Yultur "The Tagle — 190515: 23400 " 

Antinous Tee Bain 2735 A tf ul 5839 1 1 7 
Delphinus =_ 20 A 2 a 72 I 1 
Equulus, Eęui Foun | The. Holes RT +: % bhi: 10 
Pegaſus, Equus 15 The Flying Horſe 20 % 38 | 89 
8 8 The Tin ZE, | 23 3 19 - : 
rian e Triangle 4 . 

Aries 22888 The Ram Weck! 9 at "my: — 66 
Taurus The Bull 44 43 51 141 
Gemini ä The Twins 25 8 85 


ed it, and ſet an empty. ode in it's piace: When 


oy dividing it 
y the 
it. with Water, ſu ered 3 


250 —— of the _ Stars. 
1 Thea antient Conſtellations, | | | Paley, T cho. Hevelins. Flanfteeds 
Cancer The Cb 1 iE 19 83 
Leo #8 The Lion 30 49 95 
Coma Berenices Berenices Hair 5 1 4: 28 - 43 
Vi The Virgin | 32 33 68. 510 
Libra, Chele Fly e 17 . 51 
rpius : | Scorpion „ 1 0 
Sagittarius The Archer „ ts & | 
Capricornug > "The Gam 238 2 29 SI 
Aquarius The Water-bearep 45 41 47 108 
Piſces The Fiſhes 36 39 113 
Cetus The Whale 232 21 5 9 
Orion . 42 2 5 
Eridanus, Fluvins Eridanus, the River 34 10 2 4 
Lepus The Hare I2 13 I 19 
Canis major The Great 29 I7 2T 31 
Canis minor The Little Dog 2 2 13 14 
Argo Navis The Ship 45 3 4 64 
| The Hydra 27 19 1 60 
The Cup 7 3 10 31 
The Crow 7 - 9 
d | The Altar 7 fd 
Corona Auftralis The — Crown 13 12 
Piſces Auſtralis The Southern Fiſh 1 | — 0 
The New Southern Conſtellations. 
Columba Noachi | | Noah's Dove 10 
Robur Carolinum The Royal Oak 12 
Grus 5 | The Crane 13 
r >; The Phenin 13 
Indus rig The Indian 142 
D. Po The Peacock Ad 5: 
Apus, Avis Indica The Bird of Paradiſe 11 
Apis, Muſa _ The Bee or Fly- 4 
eon TJ he Chameleon 10 
Triangulum Auſtralis The South Em? 5 
Piſcis- volans, Paſſer The Flying Fiſh 8 
Dorado, Xiphias The Sword Fiſh * By; 
? Tonen The American Gooſe 9g - 
_ Hydrus ' The Water Snake 10 
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Of Lucid Spots in the Heavens, . 


_ Hevelius's Conſtellations made out of the unformed Stars. 
„ 1 Kevelins, Flanppiea. 


Lynx The Lynx - oo *Y 
* "Leo miner: be Little Lion . , | " 
Aſterion & Chara The Greyhounds 24 - #6 
| Cerberus Cerberus e 
Vulpecula & Anſer The Fox and Goeſe 27 36 
Scutum Sobieſki Sobieſki's Shield Pp 
Lacerta The Lizard - 432.5 16 
Camelopardalus The Camelopard 32 58 
Monoceros The Unicorn £9... 20. 
Sextans The Sextant 2 


363. There is a remarkable track round the Heavens, called the The xn 
Milky Way from it's peculiar whiteneſs, which was formerly thought 
to be owing to a vaſt number of very ſmall Stars therein : but the 
teleſcope ſhews it to be quite otherwiſe ; and therefore it's whiteneſs 
muſt be owing to ſome other cauſe. This track appears ſingle in 
ſome parts, in others double. e : 

364. There are ſeveral little whitiſh ſpots in the Heavens, which Lucid Spots. 
appear magnified, and more luminous when ſeen through teleſcopes ; 
yet without any Stars in them. One of theſe is in Andromeda s girdle, 
and was firſt obſerved A. D. 1612, by Simon Marius: it has ſome 
whitiſh rays near its middle, is liable to ſeveral changes, and is 
ſometimes inviſible. Another is near the Ecliptic, between the head 
and bow of Sagittarius: it is ſmall, but very luminous. A third is on 
the back of the Centaur, which is too far South to be ſeen in Britain. 

A fourth, of a ſmaller ſize, is before Antinous's right foot; having a 
Star in it, which makes it appear more bright. A fifth is in the 
| Conſtellation of Hercules, between the Stars C and 3, which ſpot, 
though but ſmall, is viſible to the bare eye if the Sky be clear and 
the ooh RO 3 4 | 17 | _ | 

365. Stars are ſo cal m their mi arance. They Cloudy Stars: 
ik fle — Stars to the naked eye; but n a teleſcope they : 
appear broad illuminated parts of the ſky; in ſome of which is one 

Star, in others more. Five of theſe are mentioned by Ptolemy. 
1. One at the extremity of the right hand of Perſcus. 2. One in 
the middle of the Crab. 3. One unformed, near the Sting of the 
FR | K k 2 | Scorpion 


3 ; 
„ 
I 
» 


Magellanic 
- Clouds, 


Scorpion. 4. The eye of Sagittarius. 5. One in the head of Orion. 
In the firſt of theſe appear more Stars through: the teleſcope than in any 
of the reſt, although 21 have been counted in the head of Orion, and 
above 40 in that of the Crab. Two are viſible in the eye of Sagittarius 
without a . and ſeveral more with it. Flamſteed obſerved a 


cloudy Star in the bow of Sagittarius, containing many ſmall Stars: 
and the: Star 4 above Sagittariuss right, ſhoulder is encompaſſed with 
ſeveral more. Both Caſſiui and. Flamſteed diſcovered one between the 
Great and Little Dog, which is very full of Stars viſible only by the 
teleſcope. The two whitiſh ſpots near the South Pole, called the 
Magellanic Clouds by Sailors, which to the hare eye reſemble part of the 
Milky, Way, appear through teleſcapes to be a mixture of ſmall Clouds 
and Stars. But the moſt remarkable of all the cloudy Stars is that in 
the middle of Or70r's Sword, where ſeven Stars (of which three are very 
cloſe together) ſeem to ſhine through a cloud, very lucid near the mid- 
dle, but faint and ill defined about the edges. It looks like a gap in 


„ » the'ſky, through which one may ſee (as it were) part of a much 
| ": Vrighter region; Although moſt of theſe ſpaces are but a few minutes 


of a degree in breadth, yet, ſinoe they are among the fixed Stars, they 


muſt be ſpaces larger than what is occupied by our Solar Syſtem ;' and in 


Changes in 
the Heavens. 


cover.” 


which there ſeerns to be a perpetual 3 day among number- 
leſs Worlds, which no human art ever can dif Wn e £104”: 


30606. Several Stars are mentioned by antient Aſtronomers, which 


are not now to · be found; and others are now viſible to the bare 
eye which are not recorded in the antient catalogues. Hripparchus 
obſerved a new Star about 120 years before - CHRIST; but Be has not 
mentioned in what part of the Heaven it was ſeen; although it 
oceaſioned his making a Catalogue of the Stars; which is the moſt 

% M rn Wald 


- atifient that we hñaayve 


New Stars. 


-when it became inviſidle. 


The firſt New Say that we have any good account of, was diſcovered 
by Cornelius Gemma on the 8th of November A. D. 1572, in the Chair 
of: Caffiepea." It ſurpaſſed Sirius in brightneſs and magnitude; and 
was. ſeen for 16 months ſucceffively. At firſt it appeared bigger than 
Jupiter to fore eyes; by whieh it was ſeen at mid-day: afterwards it 
decayed gradually both in magnitude and luſtre, until March 1573, 

Fran 05. TR 4% F 

On the 13th of Auguſt, 1 596, David Fabricius obſerved the Stella 
Mira, or wonderful Star, in the Neck of the Whale ; which has been 
ſince found to appear and diſappear periodically, ſeven times in fix 
years, continuing. in the greateſt luſtre for 15 days together; and is 

F--JUT# © G DN BF. len 555 


never quite extinguiſhed, | 


EONS _ 424 1 X In 


- Of ew Hirne Hern. 
In the year 1600; William Janſemus diſbovered a chäflgeable Bear i in 


| = Neck: of the San; which, in time became '{: {mall as te be * 
thought to diſappear entirely, till the years 1657, 1658, and 16 59, 


| when it recovered it's formet luſtre and magnitude; but ſoon deciyed, 
en nowof the ſmalleſt ſiae. i ee 11900 
In the year 2604 Kepler and ſeveral of his friends fa a ger Stur 
near the liel of the! Tight foot of Serpentarius, {6 bright and ſpatkling, 
that it exceeded any thing they had ever ſeen before z'afhd took notice 
| that it was every moment changing into ſome of the colours of the 
rainbow; except when. it was near the Horizon, at which time it was 


generally white! - It ſurpaſſed Jupiter in 'rviegnituds, which was hear it 


all the month of Oclober, but | eaſily diſtinguiſtretl from Fupiter, by 


the ſteady light of Jupiter. It diſappeared Between Oxrobes 1663 and 
the February following, and has not been ſeen ſince that "tirme, ' 


Ins the year 1670, Ju 15, Hevelius diſcovered a new Star, Which 
is October -was ſo decayed as to be — Arey In 100 is follows . 

| In Mu, O 

1672 it was ſeen. again, but very, cant; nd he 3 viible "= 


ing it regained it's luſtre, but whoily 


E 265 10 PLOW * 2 iro oils 12 erg 
In the year 1686 a new Sar was aged by Kirch, which 

nds periodically in 404 days. - © / 4 

In the year 1672; Cuſin ſa a Star in- dhe Net of che Bali which 
be thought was not viſible in Hebes time; nor wen Buyer made his 
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2367. Many Side befides thoſe eee e have been ob- Cannot be 
ſerved to change their magnitudes: and as none of Mert could ever Comets. 


be perceived to have tails, it is plain tliey cout not be Comets þ. eſpe. 
eially-as they had no Parallax, even ——— and Brighiteft. It 
would ſeem that the periodical Stars have vaſt cluſters . dark?! 

and very flow rotations on their Ares; ''by-whieh means, they muſt 
diſappear when the ſide covered” with ſpots is turned towards us. 
And as for thoſe :whith break out all of à fudden with” Rieh luſtre, 
it is by no means improbable that they are Suns whoſe Fuel is almoſt 


ſpent,” and again applied by ſome of their Comets falling upon them, 


and oeca "ai ancomron Blaze and lender For fore tune: 
which indeed Ape. to be che n We; of, th e part of 

| "ny item . * ee e 
1 Wes > > 7 5 2 N | Js N : 3 - > ca ae. —_ „% AW —_—— 
«#4 44} ; 28 58 u bre hams Alo nei 


*'®:MuMaupertuis, in hisidiflertation on the'figutes of ch6-Caleftid Boſley (567260 
is of opinion that ſome Stars, by their ** . rotations on ade Ay, um 


1 $51 A 5 — not 


254 0 Changes in the Heavens. 


Some Stars 275 Some of the Stars, particularly Asrcturus, have been obſerved t5 
Parse their change their places above a-minute of a degree with reſpect to others. 
mT But whether this be owing to any real motion in the Stars themſelves; 
muſt require the obſervations of many ages to determine. If our Solar 

Syſtem changeth it's Place, with regard to abſolute ſpace, this muſt in 

proceſs of time occaſion an apparent change in the diſtances of the 
Stars from each other: and in fuch a caſe, the places of the neareſt 
Stars to us being more affected than thoſe which are very remote, 
their relative poſitions muſt ſeem to alter, though the Stars themſelves 

were really immoveable. On the other hand, if our own Syſtem be 
at reſt, and any of the Stars in real: motion, this muſt vary their 
poſitions ; and the more ſo, the nearer they are to us, or ſwifter their 

motions are; or the mere proper the direction of their motion is, for 

The Ecliptic * 368. The obliquity of the Ecliptic to the Equinoctial is found 
e at bee o be abors de third bar of « degree 1c6 than de 
Equator than found it. And moſt of the obſervers after him found it to decreais 
formerly. gradually. denen to Hab's time. If it be objected, that we cannot 
depend on the obſervations of the antients, becauſe of the incor- 
reetneſs of their | Inſtruments ; we have to anſwer, that both Tycho 
and Hlamſteed are allowed to have been very good obſervers; and yet 

p we find that Flam/teed makes this obliquely 2+ minutes of a degree 

leſs than Hebo did, about 100 years before: him: and as Ptolemy... 

was 1324 years before Tycho, ſo the gradual decreaſe anſwers nearly 

to the —— of time between theſe three Aſtronomers. If we 
conſider, that the Earth is not a perfect ſphere, but an oblate iod, 

having it's Axis ſhoxter than it's equatorial diameter; and that the 

Sun and Moon are gonſtantly acting obliquely upon the greater 
quantity of matter about the Equator, pulling it, as it were, towards 

4 ncater and nearer co- incidence with the Ecliptic; it will not 

appear improbable that theſe actions ſhould gradually diminiſh the 

Angle between thoſe Planes. Nor is it leſs probable that the mu- 


not only aſſume the figures of oblate ſpheroids, but that by the great centrifugal force» 
iſing from ſuch. ratations, they may become of the figures of mill-ſtones; or be re 
duced to flat circular planes, fo thin as to be quite invifible when their edges are turned 
towards us; S Ring is in ſuch poſitions. But when very excentric Planets or 
Comets go round any flat Star, in Orbits much inclined to it's Equator, the attraction 
of the Planets or Comets in their Perihelions muſt alter the inclination of the Axis of that 
Stat; on which account it will appear more or leſs large and luminous, as it's broad ſide 
is more or leſs turned towards us. And thus he imagines we may account for the 
apparent changes of magnitude and luſtre in thoſe Stars; and likewiſe for their appearing | 
and diſappearing. n e fools If! kund gie wor; e en 79 tet ae BOK t 
- =” 5 - tual 


Of the Diuijſon of Time. + 


tual. attractions of all the Planets ſhould: have a tendency to bring 
their Orbits to a co- incidence: but hit —_ is to ſmall to debe 
ſenſible in many ages. 


CHAP. xxl. 


of the Divifen of - Times : per peual Table of New 
Moons. The Times of the Birth and Death of Cnkisr. 
| A Table of remarkable Aras or Events. : 


369.7 H E parts of time are - Seconds, Mi ae, aur Dos . 
Years, Cycles, Ages, and Periods. V. f 25 
370. The original ſtandard, or integral meaſure of Time, is a year 3A Yeah” 
which is determined by the Revolution of ſome a my in 
it's Orbit, viz. the Sun or Moon. 
371. The time meaſured by the Sun's Reyglution-; in 105 Ecliptic; Tropical 
from any Equinox or Solſtice to the ſame again, is called the Solar ot * 
Tropical Year, which contains 365 days, 5 hours, 48 minutes, 57 ſe- 
conds ; and is the only proper of natural years: becuaſe it always keeps 
the ſame ſeaſons to the ſame months. | £2 
372. The quantity of time, meaſured by the Sun 8 Bevolation as eme. 
from any fixed Star to the ſame Star again, is called the Sydrreal Naur; 
which contains 365 days, 6 hours, 9 minutes, 144 ſeconds 3 and is 20 
minutes, 174 ſeconds longer than the true Solar Tear. 
373. The time meaſured by twelve Revolutions of the Moon, Lunar Yeas, 
from the Sun to the Sun again, is called the Lunar Near; it contains | 
354 days, 8 hours, 48 minutes, 36 ſeconds ; and is therefore 10 d 
21 hours, o minutes, 21 ſeconds, ne than the Solar Year. This 
is the foundation of the 
374. The Ciwl Year is that which is in common ue among the Civil Yeat: 
ai rent nations of the world ; of which, fome reckon by the Ly 
but moſt by the Solar. The Civil Solar Year contains 365 days, for 
three years running, which are called Commen Years ;\ and then 
comes in what is led the Biſſextile or Leap-year, which contains 
366 days. This is alſo called the Julian Tear on account of Julius | 
Caſar, who appointed the Intercalary-day every fourth year, thinking K 
thereby to make the Civil and Solar Vear keep pace together. And 
this day, being added to the 23d of February, which in the Roman 
Calendar was the ft of che Calends of March, that ſixth day 
Was 
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Lunar Year. 
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of tem months ör Lanatiens; Wich fell 61 days ſhort of the Sdlar 
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was twire reckonedg or thergd and>ngth were reckoned 1 2 G08 day; 
and äs called: Bis ff dess — dame che name BI/Pxtrle 
for that year. But in our common Almanacks* this* day is added at 
the end of February. 

375. The Civil Lunar Year, is alſo common or intercalary. The 
common Year conſiſts, bf. 72 Lithations;i which contain 3 54. yes "Th 
at the end of which, the. ot begins again. The Intercalary | 
Embuimec Lear, is hat — os added, d adi thy 
Lunar Year. toithe Splax..., — Was _ * the Jaws | 
kept tote account unar Motions, But by: intercaleting no 
more than a montir v day 6, which they called Ver Adar, every - 
third _ _—_ fell ays ſhort of the Solar Year in that time. 
. x36. TE che Lunam Enibolimié Year at 
Was ſettled ar thay firſt King, Who made it to co 


as it 
only 


Year, and - therr year: berame quite v fie and unfixed; for which 
reaſon, they were forced to have a- Table publiſhed by the "Highs 


Prieto Ito rh heH chef OS add — - bs 


But e as altesdycunen dense 9. See 


The original 
Bork 2  batcas iti do 


Stile. 


nr 1 *&- 


Months. 


tinkbs of che eelebratibn u HH 


ſome affair nid ichH0⁴ĩVvw̃ation, reförmed the: Gelen der, b hung ine 


to ci ſiſti of 5 daz 6 Hours. 0 ονν,ẽ¼LIun. 203 2 — 

goes The year — ended, 19 what we Al wakes uſe of Ry "Britain 
Pithote Wan 7a minutes longer than the Solar 
 Fropkab Wir; this tiniev of the-Byainoxesp bickwad, and fall earlier 
by 3 tacabobt u 30 Waren In e füme of the NMaenr Comme! 
D. 325) ) which? Was 14 Na age, che Wernal Equinon fell on 
s fre iMareh wand ff vids 1439 by. +56; it Will dex 
ru: which is het number of Gays the 240 56 tas fallen back fince 

thx Couneli ef Nice. Ta es great Afſturbanoes, by unf Tit he 
ently: of all che hier 
moveable Feaſts, Pope Gregory the 1 30k 40 lle hen 1582 ordered ten 


Fe days to be at 6n60 rück dut bf ithat t year andthe Next day after the 


fourth of OH ¾ꝗlS called thei!fiftcen enth. By this means the Vernal 
Equinox was reſtoted tothe 21ſt off March zl and lit Was endeavoured, 
by the omiſſion ofthree'Mttreathry days im 460/ycars; t make tlie Civil - 
or Political-yeat keep pace-with the Solar fot tile to come. This new 
form bf tho year is Called the'Ortguriim elite or New" Srile; which is 
received in a Countries hefe the Pope's Authority i 1s ncknowledged, 


| and ought to be in all places where*truth is regarded 


The e, diviſton of the year id ines" dare which are 


| of be ſorts, namely, —— mon ih The! Aftronomical month 


is 
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18 ich the Moon run throu 
er Prrialcui or Synadical. The Pei — Fe. 


Zodiac, an 
is the time ben 


c to the ſame which is 274 % 43". The Synodical 

onth; called a rs: the T 2 ET the "Moon' 8 

ring, \ with the Sun at a Seen aid feturning to him Apain ; 

hich is 294 12 . 44”. The Civil: ſonths are thoſe which are 

ed for the uſes of civil life; and different as to thei ir names, 

umber of days, and times of be Se amy x in ſeveral different Countries. 
el 


The firſt month of the Ferw/, | according to the Moon in 
os Auguſt and September, Old les the ſecond in September | and 
' 


Gober; and ſo on. The firſt. month. of - the Egyptian Sh began on 


the-2gth; of our Augu/t.- dr firſt nth of tire Hrabic and Turks 
Tear began the 16th of Jah. Th month of the Grecian 7255 
fell according to the Moon in cure nd Fuly, the ſecond in July and 
| agil and ſo on, as in the following Table. 

379. A month is divided into four parts called Feeks, and a Week 
— kits called Days; ſo that in a Juliun year there are 13 
ſuch Months, or 52 Weeks, and one Day over. The Gentiles gave 


the names of the Sun, Moon, and bead to the Days of the /Week. | 


To the firſt, the Name of the Sur ; to the ſecond, of the Moon; to 
the third, of Mars; to the fourth, of Mercury ; tothe fifth of Jupiter 
to the fxth, of Venus; and to the W 5 Kune 0059 


DH Minne Anis en 8 2188 5 4 
a Fr nd — 3 r 
Ne“ \ Teng year. Day] Ne "The Egyptian year. 
1 Tiſri Aug. — 30 1 | Thoth - Auguſt | 
2 | Marcheſvan ——— : —D& 29 j} 2 | Paophi»——— Sepremb. as 
3 | Caſleu =—— Oct. — Nov. | 30 [[ 3 | Athir +—+———— OQober 28 
4 Tebeth — 3 29 4 Chojac Novemb. 27 
5 | Shebat — Deg. — 30 8 Ty bi Decemb. 27 
6 Adar — Jan. — eb. 29 echir January 26 
7 | Niſan or Abib —— — — Mar. 30 7 | Phamenoth ——— Fehruary 25 
8 | Jikr — — Ape. 29 [8 Farmuthi -—— March 27 30 | 
] | 9 | Sivan wer — 1 ay | 30 9] Pachon ̃ == xy 25] 30 
10 | Tamuz May — June | 29 || 10 | Payni ay 26] 30 
| rr: | Ab — ee  — July 30 || 11 nf a; NWS MAT > 2530 
12 Elul — uly wax 29 |} 12 nb — 30 
Tn the - — — 4354 Epagonene or days aided = — 5 


4 


| In the Fubelimic year after Zder they added a 
month called Au of go days. 
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Moon in making one compleat Revolution from any point of 


Die 1 — 365 5 
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contains 24 hours; the Artificial the time Crom Bun- riſe t 8 un-. ſet. 

The Natura) Day is either Afronomical ot . The. Aſtrohomiual 

begins at Noon, becauſe the increas and? deertaſe f Days 

| qxerminated: by the Hotizon ate very unequal among themſelves; 

a which inequaſity is likewiſe augmented by the inconſtancy of the 
horizontal RefraQions, F 1843: and thetdfore : the*Aftronomer othked 

che Meridian for the limit of diurnal Revolutions; ine Non Noon, 


| Hour, 381. An Hour is a certain dete nate part of be Dey, and 3s: ither 
| equal or unequal. An equal Hour is, d. 1 5 of à mean 


natural Day, as ſhewn by well-r lat Cl and Watches; but 
; theſe Hours are not quite equal as meafured I ef the 
Sun to the "Meridian, "becauſe d | * OE 


Ul 7 

Sun's unequal mation in it, $ 224—2 48. — thoſe 
9 which the Artificial Day is e into ears Pars, and the 
| Night into as many. n 
2 Heur is neck ee 

and Scruples. N 1 into 60 equal Parts called Seconds, and theſe again into 


4 | 6 O 


| 
| 
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che Hour into 1080 equal N s callłd Scape ; Nich 
number: — ow "times: hogs ſo chat _ minute  contairls 

100 g ier V 21 
al-round, ene e of the ad paxts Cycles of the 
bf —— Cyck & cle Susie a irevalption 6f 28 year, 225: Moon, 
—— — 5 months neturm again to the ume oy 


of the wrek ; the Suns Place to dhe fangs: Sigus und Degrees of: 
Eeliptio on the iam months and daysg ab as" not vo differ — 


in 300-years ;- and che 'Leap-years' bogin the ſame courſe over again 


with —_ to the days of the week on which» the\ days: of the 
—.— The. Gale of 771 
Saaten af: 195 


2 hour and 


; Sanni A hy ve Gelder | 2: 421 
on we 
K 88 ſhag thin 1242 534 Yd 
ey the ſame 25 8 ö © 
he e a eee of 
Th 


ffitions, and other 
of being the ſam 

e g e years before. 
167 ente, by. the Rq 


AD. 3TZz. 
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vulgar To find the 
year! 40 the C — of theſe 
cles. g 


e times gf cer- 
tain bers rs 5:66 fi mi to epi; 105 18 


"Buch, ja 


ra, W — year, of th Sag? C le the 


4 — . Ib ah 20a he rſt, year 
. — Thet 3 4 Jar of by ny: 
2 8 9 30. any givin year of Cnxisr, and divide the aum 
by: 28, Ache Quotient is the n Cytleß dlagſed fince his 
bi „and the Iemainder is che | the given yeap't if nothing 
remains, the Cycle js 28«/...To| find r Cyele, add 1 to the 
— — ; | ev, 700 e one js 
the number of; Cycles |: elapſed in de remain N 


11 Cyels:: For, the given year: 5 a ins, the yde 
is 19.) Laſtly; ſubtract 342 from the given ye r of CurIT,| and 
divide :the. remainder hy 53 and what remains after this diyiſion 
16 the Indiction for the given add 117 Ferqaips, the Ind 

ting ang 10% Ago! I l. | | 1 
7 Alcbaugbe the above a in the 277 25 gef alk r The defici- - 
alf every 19 years be S ſmall 5 yet . t becomes ſoency of the 


folible as tal male a whole N ps ay in 310 years. 80 chat, zud eng. why 
althaug h this Cycle be of uſe, whe the {dep N | 8 Arg rightly quence there- 


— | be days of the manths int 
Commen. rayty: Books, der Finding the; days; 
tons or Oppolirs ofthe Sun — 


3 BEE 


0 * 
ly the 
_- mme 


f - the Divifen of Tim. 


ime- of Eafer ; it will only. ſerve for 3 10 years, Ol Stile. 
Fe New ad Full Mcons cpa din that time, the Golden 
Numbers ought: to: be placed one day carlier in the Calendar ſor 
the next 3 10 years to come. Theſe Numbers were rightly placed 
- againſt the days of New Moon in the „by the Council of 


ed? | ©» Nice, A. D. 3g; but the anticipation, which Bas been neglected 


the day of the 
dy the Golden 
Number. 


Der ſince, is now grown-almaſk into g days and therefore all the 
Golden Numbers ought2now:!ta.ibe); placed days higher in the 
Calendar for the Oli Stile than they were at — of the ſaid 
Council; or fix days lower: for / the Neu Stile. betauſe at preſent it 
Ae 14 (Gay — Gs. D = io vob oj: o Proton iter 


Tel 5} \286:Inthe annexed Table; 
2 * the Chai Nunibers: under 
— 1}. [Phe months tand againſt the 
J" ie days of New Moom in the left- 
Lib em ptr am 1 — 
ns , adapted to t e 
5 . 1 99 —— , a8 
'6 1: being the neareſt eam for all 


*11317 the "four fd will! ſerve till 
F F j*tle year 1h00 Therefore, 
Ee de find che d — 
n any. 228 
en” chat eime, 0 pos fof the 
S 
ee —— 
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opt eue lg 
b ed 22oliinn,* Thus, ſap- 
|'-}- poſe it were required te find 
he da _—_ New: Moon in 
© Sepremor 75" ths:Oulitch 
Number A ear isl 10% 
6 which I look for under 
Pkrenber, and tight ugainſt t in 
=} the leſt-hand com I find 
413. which is the day of New 
3% Moon in that month.: Mg. 
4 If all the Golden Numbers, 
[pp except 17 and G were fot 
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it would ſerve Gun ted bayſhalnyg vs the year 1900 till the'end of the 


28 The firſt Table after this Chapter ſhews the Golden 
umber for 4000 years after the birth of CHRIST, by looking for 
the even hundreds of any given year at the left hand, and for the reſt 
to make up that year at the head of the Table; and where the columns 
meet, you have the Golden Number (which is the ſame both in Ol 
and New Ste) for the given Fear. Thus, ſuppoſe the Golden 
Number was wanted for the year 1757 ; I look for 1700 at the left. 
hand of the Table, and for 57 at the top of it; then guiding my eye 
_ downward from 57 to over-againſt 1700, I find 10, which is the 
Golden Number for that year ec. 

387. But becauſe the Lunar Cycle of 19 years ſometimes: includes: 
five Leap; years, and at other times only four, this Table will ſome- 
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times vary a day from the truth in Leap-years after February. Anda perpetual 
it is impoſſible to have one more correct, unleſs we extend it to four ele of the 


times 19 or 76 years; in which there are 19 Leap- years without: 2 Noon to the 
remai But even then to have it of perpetual uſe, it muſt be neareſt hour, 


adapted to the Old Stile; becauſe in every centurial year not diviſible 
by 4, the regular courſe of Leap- years is interrupted in the New; as 
will be the caſe in the year 1800. Therefore, upon the regular Ol 
Stile plan, I have computed the following Table of the mean times vf 


all the New Moons to the neareſt hour for 76 years; beginning with | 


the year of Onx 15T 1724, and ending with the year 180. 
This Table may be made perpetual, by deducting 6 hours from the 


time of New Moon in any given year and month from: 1724 to 1800, 


in order to have the mean time of New Moon in any year and month 
76 years afterward; or deducting! 12 hours for 1 52 years, 18 hours 
for aus years 3 and 24 hours for 304 years; becauſe in that time the 
iges of the Moon anticipate almoſt a complete natural day. And 
if the like number of hours be added for ſo many years paſt, we ſhall: 


have the mean time of any New Moon already elapſed. Suppoſe, for 


example, the mean time of Change was required for Fanuary 1802; 
dedudt 76 years, and there remains 1726, againſt which in the 1 
Table; under Fanruary,; I find the time of New Moon was on the 2 1ſt 


day, at ii in the evening: from which take 6 hours, and there remains» . 


the arſt day, at 5 in the evening, for the mean time of Change in January 
1802. Or, if the time be required for May, A. D. 170, add 76 
years, and ĩt makes 177%, which I look for in the Table, and againſt it 
under ay I find the New Moon in that year falls on the 25th day, at 
9 in the evening; to which add 6 hours, and it gives the 26th. day, at 


By 


3 in the Morning, for the time of New Moen 16 May, A. D. 470 1. 
VS 4 A A £ | r 
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By this addition for time paſt, or ſubtraction for time to cone, he: 


Table will not vary 24 hours from the truth in lefs than 14.592 yeats. 
And if, inſtead of 6 hours for every 76 years, we add or ſubtract only 
5 hours 8 minutes, it will not n days in 10 millions of years. 5 


5 pet iein, 1442 57 RO FRE] 49 SAscu 7 


\' Althougl \ this Table i is: akbulpted-ifor 46 yeawonlys and according; 
to the O Stile, yet by means of two : eaſy Equations it may be made 


to anſwer as exactly tõ the New Srile; for any time to come. Thus, 


becauſe the year! 1724 in this Table is the firſt year of the Cyrlel for 
which it is made; if from any year of CurisT after 1900 you ſub». 


tract 1723, and divide the overplus by 76, the qubtieht Will. a how! 


many entire Cycles of 76 years art clapfed ſince the of the 
PX e der will ſhew the-year of the: 
' Eurfent Cycle anſwering to the given year of CuzasT. '- Hence, if the 
. remainder be o, you muſt intent — put 76, and leſſen the. 


|| Quotient by nity n ei 21 8151 i * GY 10 Q1 11 


„Thon, lock e e nan e of the Table ft * 
"Is ytiur remainder; and againſt it you will find the'times of all tlie 
mean New Moons in that year of the preſent Cycle. And whereas 
"=> Jian years the Moon anticipates 5 hours 52 — if thete« 


theſe 7 hours 2 2 minutes be multiplied by the above- found Quo- 


tient; chat is, by the number of entire Cycles paſt; the product ſub 
trated from tiiè times in the Table will leave the catrefied; times 


of the New Moons % dhe Oli Site; ene be-reduved ta the 
New Stele thus: „ e dell lo ni: 


- Diride the number of ee ee eee 


4; multiply this quotient by 3, to the product add the: remainder: 
and bun their ſum ſubtract 22 laſt remainder denotes the number 


of days to be added to the times above oorrected, in order to reduce. | 
them to the New Srile. The reaſon of chis is, that every 400 years: 


| of the New S/ile gains 3 days upon the Old Stile one of — 2 it 
geins in each of che centurial years ſucteedling that which is exactly 
diviſible b 2 remainder-; but then, hen you have found 


the d as  pained; ⁊ muſt be ſubtracted from their number on aceount 


of: — — made in the Calendar by the Council of Nice, and 


ſince by Pope Gregory: It muſt alſo be obſerved, that the additional: 
days found as above Airected do not take place in the centurial Years 


wich are not multiples of 4 till Feb71ary a9th, Old Stils, for on that 


day che difference between the Srilts; till which day, therefore, 
thoſe at dere dated in tho preceding Venn muſt; be uſed. - The 
ee Elan pls will make this accommodation plain... n 2s ni « 


E the Divifon of Time. 


- | Reid them mean ane of New Mon in June, A. b. 1903, K OY 5 


— From 1909 take 15 723 Years, and there rem. 16 f 
. Which divided by 76, gives the quotient ? E 
„ and the remainder — — — 34 | | 

Then, againſt 34 in the Table is June 5 86 o® Afternoon. 
. Fes 52 multiplied by 2 make to be ſubte. U 0 
Kemains. the wh way according | to the Old GE | 
8 5 Stile, ä . ; 

Entire bündrede in IR are 19, which di- 

. Yided. by 4, quoted; +». Wm 4 
a And leaves a remainder of |, — — ir. do, at 
Wich quotient multiplied! by 3 makes by „ 21A 
1-14 and the remainder added make 15 
oY 85 which ſubtract 2, and there remains „ 
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f hich number of days added to the above | 
| Hans. "OMRON gives June — — 18˙ hc „eden 
5 0 tie wenn time of New Moon i in Jae 199 New Bulk op ny 
ö * at 16 minutes paſt 9 in the Morning. — 
Lat HATE I days be added to the time of any New Moon i in n this Table, 
it will give the time thereof according to the New Sir till che year - 
180. And if 14 days 18 houts 22 minutes he 4dfle to the mea 
t = of New Moon in either Sr7le, it will give. the _ tine __ the” 
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Number of 
Direction. 


left hand; and where the colu 
the given year. Then, enter Table I, with the compleat hundreds 
of the ſame year at the left hand, and the years below an hundred at 
the top; and where the columns meet is the Golden Number for the 
ſame year. Laſtly, enter Table II. with the Dominical Letter at the 
left hand and Golden Number at the top; aid where the columns 


Of the Diviſon of Time. 


Safer Cycle, 388. The Cycle of Eaſter, alſo called the Dionyfan Period, is a revo. 
lution of 532 years, found by multiplying the Solar Cycle 28 by the 
Lunar Cycle 19. If the New. Moons did not anticipate upon this 
_. Cycle, Eaſter-Day would always be the Sunday next after the firſt 
Full Moen which follows the 21ſt of March. But, on account of 
the above anticipation, & 422, to which no proper regard was had be- 
fore the late alteration of the Stile, the Ecclefaftic Eaſter has ſeveral 
times been a week different from the true Ea/ter within this laſt Cen- 
tury : which' inconvenience is now remedied by making the Table 
which uſed to find Eaſter for ever, in the Common Prayer. Book, of 


no longer uſe than the Lunar difference from the New Stile will 
ww tt | 


” 4 
* 


389. The earlieft Eafter poſſible is the 22d of March, the lateſt the 
25th of April. Within theſe limits are 35 days; and the number be- 
' longing to each of them is called the Number of Direction; becauſe 


thereby the time of Eaſter is found for any given year. To find the 
Number of Direction, according to the New Stile, enter Table V. 


following this Chapter, - with the compleat hundreds of any given year. 


* 


at the top, and the years thereof (if any) below an hundred at the 
s meet is the Dominical Letter for 


meet is the Number of Direction for that year; which number, added 
to the 21ſt day of March ſhews on what day either of March or April 


Eaſter- Sunday falls in that year. Thus, the Dominical Letter Neu Stile 
for the year 1757 is B (Table V) and the Golden Number is 10, 
( (Table I) by Which in Table II, the Number of Direction is found to 
be 20; which, reckoned from the 21ſt of March, ends on the 10th of 


April, that that is Eafter-Sunday in the year 1757. N. B. There are 
always two Dominical Letters to the Leap-year, the firſt of which 


* 


takes place to the 24th of February, the laſt for the following part of 


TEST ES} . BC IMe ny 
390. The firſt ſeven Letters of the Alphabet ate commonly placed in 
the annual Almanacks, to ſhew on what days of the week the days of 


the months fall throughout the year. And becauſe one'of thoſe Teven 


Letters muſt neceſſarily ſtand againſt Sunday, it is printed in a capital 
form, and called the Dominzcal. Letter: the other ſix being inſerted in 


mall characters, to denote the other fix days of the week. Now, 


pA | x3 lince Þ 


5 7 5 . : NEE EP — — 3 — Wͤ —— — — ͤ — 
. 8 — - * 4 * F 


Of the Diviſn of Time. 
ſince a common Julian Year: contains. 365 Days; if this number be 
divided by 7 (the number of days in a week) there will remain one 


day. If there had been no remainder, it is plain the year would con- 
ſtantly begin on the ſame day of the week. But ſince 1 remains, 


it is as plain that the year muſt begin and end on the ſame day of 


the werk; and therefore the net year will begin on the day fol- 


lowing. Hence, when January begins on Sunday, A is the Do: 


minical or Sunday Letter for that year: then, becauſe the nezt year 
begins on Monday, the Sunday will fall on the ſeventh diy, to 


which is annexed the ſeventh Letter G, which therefore will be the 


Dominical Letter for all that year: and as the third year will begin 
on Tueſday, the Sunday will fall on the ſixth day; therefore F will be 


the Sunday Letter for that year. Whence it is evident that the Sunday 


Letters will go annually in a retrograde order thus, G, F, E, D, C, B, A. 
And in the courſe of ſeven years, if they were all common ones, the 
ſame days of the week and Dominical Letters would return to the 
ſame days of the months. But becauſe there ate 366 days in a Leap- 
Jear, if this number be divided by 7, there will remain two days over 
and above the 52 weeks of which the year conſiſts. And therefore, 
if the Leap- year begins on Sunday, it will end on Monday; and the next 
year, will begin on Tucſday, the firſt Sunday whereof muſt fall on the ſixth 
of January, to which is annexed the Letter F, and not G, as in com- 
mon years. By this means, the Leap- year returning every fourth year, 


the order of the Dominical Letters is interrupted; and the Series can- 


not return to its firſt ſtate till after four times ſeven, or 28 years; and 


then the ſame days of the months return in order to the ſame days of 


the week as before. 


391. To find. the Do inical Letter for any year either before or after the To find the 
Chriſtian ra. In Table III. or IV. for O⁴ Stile, or V. for New Powinical 
Stile, look for the hundreds of years at the head of the Table, and © 


for the years below an hundred (to make up the given year) at the 
left hand: and where the columns meet, you have the Dominica 
Letter for the year deſired. Thus, ſuppoſe, the Dominical Letter be 
required for the year of CHRIST 1758, New. Stile, I look for 1700 at 


the head of Table V, and for 58 at the left hand of the ſame Table . 


and in the angle of meeting, I find 4, which is the Dominical Letter 


for that year. If it was wanted for the ſame year Old Stile, it would 


be found, by Table IV. to be D. But 0 find: the Deminical Letter 
for any given year before ChRIs r, ſubtract one from tbat year, and 
then proceed in all reſpects as juſt now taught, to find it by Table III. 
| 71 8 4 
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To find the 
Days of — 
Months, 


bifore the rt year Seng, lock for 500 at the bead ef Table ul, 
and for 4 at che leſt hand; in the meeting of theſe columns is FE, 
which were the Dominical Letters for that year, and ſhews that 
it was a u 6h er ee buen two Dominica 


| To fd the:day of the nun onfeering 0 any aloy of the <veek | 
TT 

wn to come. Having — Dominical Letter for the given year, 
enter Table VI, With the Dominical Letter at the head; and under 
it, all the days in that column are Sundays, in the diviſions of che 
months ; the 'next column to the right hand are Mondays; the next, 
Tugſaloys; and ſo on to the laſt column under G; frem Which; go back 
w-the column under A, and thence Yroeced towards the Belt hand 
as before. Thus, in the year 117.57, the Dominical Letter Nei Stile 
8 B, in Table V; then in Table VI all the days under B are Sundays 
in that year, vis. the ad, gth, 46th, 23d, and 3oth of January and 
October; the 6th, 14th, 2oth, and 27th of February, Mareb and 
November ; he ad, oth, and 19th: of April and Fully, together with 
che 3 iſt of Jay; and fo on to the foot of the column. Then, ef 
. all the days under Con Mondays, namely, the 3d, oth, Ge. 
of January and October; and ſo of all che reſt in that column. If the 


day of the week anfeorring to any day of the month be required, it ĩs eaſily 


had from the fame Table by che Letter that ſtands at the top of the 


dolumn in which — tay of the month is found. Thus, the 


Julias Period? a e From the 
unar: 


Letter that ſtands over the a8ch of May is 4; and in the year 585 
before Curr, the Dominical Letters were found to be FE, § 3913 
Which being a Leap- year, and E taking place from the 2th of Te 


0 che end of chat \thews by hes ble chat the 2 gh of May was 
on a Sunday; and refore the 28th muſt have been OH A W. | 
bor when © Rtands for Sunday, © F muſt ſtand fer Monday, G for Tueſc 


$c. ge as it is laid chat the rene Belipſe of che dun foretold 
1s, by which a peace was brought about between the Medes 
ca ed on the e e Moy, in de ae yeer before 
— A fell n a auheſiy. | 
naltiplication of the Scher Cycle of 28 years into 
Qyele of 19 years, and de Reman Indiftion ef 15 years, 
ariſes che great Fallon Period. conſiſting of 7980 years, which had its 
"beginning 74 ears before Strauchins ſuppoſed year ef the Oreatien 


7 i{ffor no dater cou all the three Cycles begin together) and it is not yet 


ed: and dherefdie it includes alt — cles, Periods, and 
vant: Ebere is but doe year in de whole Poried that has the fame | 
4 | 85 numbers 
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numbers for the three Cycles of which it is made up: and therefore, 
if hiſtorians had remarked in their writings the Cycles of each year, 
_ had been no diſpute about the time of any action recorded by 

em. | | 1 . 

394. The Dionyſan or vulgar ra of CHRIST's birth was about the To find the 
end of the year of the Julian Period 4713 ; and conſequently the firft ef this 
year of his age, according to that account, was the 24% 14th year of 
the faid Period. Therefore, if to the current year of CHRIS we adũ 
4713, the ſum will be the year of the Julian Period. So the year 
1757 will be found to be the 647oth year of that Period. Or, to 
find the year of the Julian Period anfwering to any given year before 
the firft year of CHRIS, ſubtract the na of that given year from 
4714, and the remainder will be the year of the Julian Period. Thus, 
the year 58 5 before the firſt year of CHRIST (which was the 58 th 
before his birth) was the 4 129th year of the ſaid Period. Laſtly, to 
find the Cycles of the Sun, Moon, and Indiction for any given year 
of this Period, divide the given year by 28, 19, and 15 ; the chree And the 
remainders will be the Cycles fought, and the Quotients the numbers Cycles of hat 
of Cycles run ſince the beginning of the Period. So in the above 
47 14th year of the Julian Period the Cycle of the Sun was 10, the | 
Cycle of the Moon 2, and the Cycle of Indiction 4; the Solar Cycle 
having run through 168 courſes, the Lunar 248, and the Indic- 
den 344. e e e wy 

| wt. The vulgar ra of CaxrrsT's birth was never ſettled till the The tie Era 
year 527, when Diony/ius Exiguus, a Roman Abbot, fixed it to the f,! 
end of the 4713th year of the Julian Period, which was four years 

too 'late. —For, our SAviouR was born before the Death of Herod, 
who ſought to kill him as ſoon as he heard of his birth. And accord- 
ing to the teſtimony of Foſephus (B. xvii. ch. 8.) there was an Eclipſe 

the Moon in the time of Herod's laſt illneſs; which Eclipfe appears 

by our Aſtronomical Tables to have been in the year of the Julian 
Period 4710, March 13th, at 3 hours paſt midnight, at Feruſalem. 
Now, as our SAvIQUR muſt have been born ſome months before 
Hero's Death, ſince in the interval he was carried into Egypt, the 
tateft time in which we can fix the true Era of his Birth is about the 
end of the 47agth year of the Julian Period. e 
There is a remarkable Prophecy delivered to us in the ninth chapter 
of the book of Daniel, which, from a certain Epoch, fixes the time 
of reſtoring the State of the Jeus, and of building the Walls of 
Ferigſalem, the Coming of the Mess Lan, his Death, and the Deſtruc- 
tion of Jeruſalem.— But ſome parts of this Prophecy (Ver. 25.) 
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ſo injudiciouſly pointed in. our Engliſb tranſlation of the Bible, that, if 
' they be read according to thoſe ſtops of pointing, they are quite unin- 
telligible— But the learned Dr. Prideaux, by altering theſe ſtops, 
makes the ſenſe very plain: and as he ſeems to me to have explained 
the hole of it better than any other author I have read on the ſubject, 
I, ſhall ſet down the whole of the Prophecy according as he has pointed 


it, and ſhew in what manner He has divided . it into four different 


Parts. 1 

: Ver 24. Seventy weeks are - te upon thy People, and upon thy 
holy City, to finiſh the T: ranſgreſſion, and to 4 2 ny for yes te h 
.and to bring in everlaſting Righteouſneſs, and to ſeal up the Viſion and the 
Prophecy, and to anoint the moſt holy. Ver. 2 5. Know therefore and under- 
and, that from the going. forth of the Commandment tc to reſtore and build 


_ Jeruſalem unto the Mxs814au the Prince ſhall be ſeven eecks and threeſcore 


and tao weeks, the. rect ſhall be built again, and the awall even in troublous 
times. Ver. 26. And after 2 and two weeks ſhall Mes$1an be 
cut off, but not for himſelf, and t ople of the Prince, that ſhall come, 
ſhall defirey the City and the ee. the end thereof ſhall be with, 


F908 Flood, and to the end of the War ae are . Ver. 27. An 


be the Covenant with for one week in the midi * of 
P 2781 cauſe the Ke ond tbe oblalion to Leaſe, and for the 
over ſpreading of abominations be ſhall make it deſolate even until the Con- 
Rr. and that determined ſhall be poured upon the deſolate. . 

This Commandment was given to Ezra by Artaxerxes Longimanus, in 


the ſeventh. year of that King's .reign.(Ezrg, ch. vii. ver. 11—26, 


' Ezra began the work, which was;afterward-accompliſhed by Nebemiab ; 
in which they met with great oppoſition and trouble from the Samari- 
7ars and others, during o farſt ſeven weeks, or 49 years. 
From this accompliſhment till the time hen CHRIST's meſſenger 
Jabn the Baptiſt began to preach the We of the ME n 


62 99 or 434 years. 


From thence to the beginving of Cunzsr' s public miniſtry, half a a 
week, or 3+ years. 


And, from 9 to 4% — of CukisT, half A week, or 32 


years ;«in which half week he preached; and confirmed the Covenant 
the Goſpel with many of the Jeus. 


In all, from the going forth of the e till the Death 4 
cauur, 70 . of 499 Naar. | f 


f „ x 15 ; x | 
The Dogor fag, tht this or to be «reve, th er, part ns the athens 
the nigh. + 8 7105 2 Ne. 
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And, laſtly, in a very ſtriking manner, the Prophecy foretels what 
ſhould come to paſs after the expiration of the ſeventy weeks; namely, 
* the Deſtruction of the City and Sanctuary by the People of the Prince that 
das to come; which were the Roman Armies, under the command of 
Titus their Prince, who invaded Jeruſalemn as a torrent, with their 
idolatrous images, which were an abomination to the Jews, and under 


which they marched againſt them, invaded their land, and beſieged 


their holy City, and by a calamitous war brought ſuch utter deſtrue- 
tion upon both, that the Jews have never been able to recover them- 
ſelves, even to this day. - 5 IT DI A e 
| Now, both by the undoubted Canon of Prolemy, and the famous 
Era of Nabonaſſar, the beginning of the ſeventh year of the reign of 
Artaxerxes Longimanus King of Perſia (who is called Abaſuerus in the 


book of Ether) is pinned down to the 4256th year of the Julian 


Period, in which year he gave Ezra the above mentioned. ample 
Commiſſion : from which, count 490 years to the Death of CukIST, 
and it will carry the ſame to the 4746th year of the Julian Period. 

Our Saturday is the Jewiſh Sabbath: and it is plain, from St. Mark, 


ch. xv. ver. 42. and St. Luke, ch. xxiii. ver. 54. that CuRisT' was 


crucified on a Friday, ſince the Crucifixion was on the day next before 
the Jewi/b Sabbath. —And according to St. John, ch, xviii. ver. 28. on 
the day that the Paſſover was to be eaten. - 8 2 ; 


The Jews reckoned their months by the Moon, and their years by 


the revolution of the Sun; and 24 the Paſſover on the 14th day 


of the month Niſan, which was the firſt month of their year, reckon- 
ing from the firſt appearance of the New Moon, which at that time of 
the year might be on the evening of the day next after the change, 
if the ſky was clear. So that their 14th day of the month anſwers to 


our fifteenth day of the Moon, on which the is full Conſequently, 


the Paſſover was always kept on the day of Full Moo 


And, the Full Moon at which it was kept, was that one which I 
happened next after the Vernal Equinox,—PFor Jo/ephus expreſsly 


ſays ( Antiq. B. iii. ch. 10.) The Paſſover was kept on the 14th 


% day of the month Niſan, according to the Moon, when the Sun 


& was in Aries. - And the Sun always enters Aries at the inſtant of 


the Vernal Equinox; which, in our Saviour's time, fell on the 22d 


day of March. | 


The diſpute among Chronologers about the year of Cuxisr's Death 


is limited to four or five years at moſt, —But, as we have thewn that he 
was crucified on the day of a Paſchal Full Moon, and on a Friday, all 


that we have to do, in order to aſcertain the year of his death, is only 
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to compute in which of, thoſe years there was a Paſſover Full Moon 
on a Friday. For, ſince the Full Moons anticipate eleven days every 
year (12 Lunar Months being ſo much ſhort of a Solar Year) and 


therefore, once in every three years at leaſt, the Jews were obliged to 


ſet their Paſſover whole — arder than it fell by the courſe of 
the Moon, on the year nent before, in order to keep it at the Full 
Moon next after the Equinox, there could not be two Paſſovers on the 


ſame day of the week within the compaſs of a few neighbouring 


years. And I find by calculation, that the oy Paſſover Full Moon 
that fell on a Friday, for ſeveral years before or after the diſputed year 
of the Crucifixion, was on the third day of 2 in the 474th year 
of the Julian Period, which was the 490th year after Ezra received 
- the above-mentioned Commiſſion from Artaxerxes Longimanus, accord- 


ing to Ptolemy's Canon, and the year in which the Mgss An was to be 


cut off, according to the Prophecy, reckoning from the going forth of 
that Commiſſion or Commandment : and was the 33d year of our 
| Saviour's Age, reckoning from the vulgar Ara of his birth ; but the 

37th, reckoning, from the true. Æra thereof. 

when we reflect on what the Fews told him, ſome time 
before! his death John viii. 57.) « Thou art not yet fifty. years old, 
we muſt-confeſs that it ſhould — much likelier to have been ſaid to a 
* wr" near forty than to one but juſt turned of thirty. And. we may 


ceuaſily ſuppoſe that St. Lake expreſſed himſelf only in round numbers, 
When he ſaid that CHiſt was baptized about the zoth year of his age, 


when he began his public miniſtry ; as our Savioun himſelf did, when 
| he ſaid he ſhould lie 2bree days and thres nights in the 

Fhe 4746th: year of the Julian Period, which we Kev afirotio- 5 
wically e of tho Crucifixion, was the 4th year of 
the 202d d in which year, Fblgom a heathen writer, tells us, 
there was the ma extracrdinary Eclipſe: of tbe Sun that ever was ſeen. 

But I find by: calculation, that's there. could be no total. 85 of the 

855 at Ferigſalem; in a natural way, in that year. So chat, w. at Phlegon 
here calls: an Eclipſe of the Sun, ſeems: to have been the great dark- 
_—_— 7 e S cx 
mentioned $: & upernatural, as 
the Moon was! then in the fide of the Heavens oppoſite to the — 
and therefore could not r. darken the Sun to "any hoe of the 


Earth. 


396. As. there are. certain fixed points inthe Heavens from which 
Aſtronomers: thein computations, ſo there are certain points of 
time from: whack 2 begin te resken ; and thſe points, or 

5 roots 


Table of remarkable Aras and Events. 
roots of time, are called Aras or Epochs. The moſt remarkable 
ZEras are thoſe of the Creation, the Greek .Olympiads, the Building of 


. Rome, the Era of Nabonaſſar, the Death of Alexander, the Birth of 


CurIsT, the Arabian Hegira, and the Perfian ' eſde i: All which, 
together with ſeveral others of leſs note, have their 3 in the 
following Table fixed to the Years of the Julian Period, to the Age 


of the World at thoſe times, and to the Years before and after the yet 
of CHRIST'S birth. EE, 


A Table of remarkable Ares and Events 


| | Julian Iv. of the] Before 
PS : * a 5 | eriod, rern 
1. The Creation of the World —- — — | o 


2, The Deluge, or Noab's Flood — — — — — — Rr Ds 
3. The _— Monarchy founded by Nimred — — — {\2537 1088 217 
4. The Birth of Abraban— — — — — 2714] 2 1999 
5. The Deſtruction of Sodem and Gomorrah — — — — _|2816 18 97 

6. The Beginning of the Kingdom of Athens by Cecrops — 31572451 1556 

« Moſes receives the ten Commandments from Gos — — 3222 2516 | 1491; 
The Entrance of the Ifraelites into C_ — — — 1326212556451 
© The DeftruRtion of Trey — — — — — — —' [3529] 2823111 

10, The Beginning of King David's Reign — — — — [3650] 2944 {1063 
11. The Foundation of Solomon's Temple — — — — |3701] 29951012 

12. The Argonautic Expedition = — — — — — — 3776 3070 937 

25 L forms his excellent Laws —— — — |3829| 3103| 884} 

baces, the firſt King of the Medes. 383 313287 

1 rms oy: the fecond Ge — — "ew en — | HO 3050 3. B45, 

| ng of, che * als ae ng 22 39383232 778 

-Y ica, 11 * King of t Mede—— — — |3945| 3239 76 

| ak The Catonian Epocha of the Duilding of Ramey") oxi; —— — 13951132851 752 
20. The Era of Nabondfſar' — — . — — 13967 3251 746 
21. The DeftruQtion of Samaria by Salmantfer '— *—' — — 39923286 7217 

22. The fuſt Eclipſe of the Moon on Record — — ' — — 3993 3287 | 720 
23. Cardicea, the fifth King of the Medes | = | — — 39963290 717 
24. Phyaortes, the fixth — —_ 72785 S 140 8 3352 655 
= The xares, the ſeventh — — '— '— — — — '— 4080 3374 933 

— Babyloniſh Gery by Nebuchadnezzar — — 410% 3401 606 
239. ong War ended between the Afedes and Lydians — 4111 3405 | 602 

| 33 Th The fectad Ba Sire, and Birth of Cyras .— | — 4114348 599 

| The -Deftruftion of Solomon's Temple — — — — 145} 3419} 588 

| 8 — with Madnes—— — — 4144/3438 369 
31. DaniePs Viſion of dhe four Monarchie — — — 413813432 355 

. 32. C begins to . in the Perfian Empire — — — {41771 3472 |: 536 
22. Batt r 490 

4. Artaxerxes Longimanus 99 Weeks — — — 142401354314 

The Beginning of Daniel's ere _—_ Years — [4256| 3350 457 
; The Beginning of he Pele — — 3576 431 
37. Als rander 2 at — — — — — 4383 3077 3300 


55 38. The 
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nr oof ITY 5 YA! I i Er riod, ] World, | Chriſt. 
38. The Dean of W — = — — — 14393584] 323 
39. Tbe Captivity of 100000 Fews. by King n — | 43934 3687 | 320: 
40. The Coloſlyg of Rhodes thrown down by an quake 4449143375] 222] 
41. e defeated by Ptolemy Philopater — — — —_ 144901 3799] 217} 
— The e Nene pe murdered at & Syracuſe — — [4506] 3500] 207 
Vs butchers the Inbabitams: of Fd f—— — — [4543 228 4 170 | 
1. 75 ruh plundered and burnt by Conſyl. — — — een 146} 
Hus Oer Mees Britgin = — — — — — 449 
5 e nA the Calendar — — — — — = — 14 
47. Is killed in the Senate-Houſe — — — — = — 
48. Herod made King of Taudrg. — — —  — — 14 
7 I defeats Be at the Battle of Miu — — — 
oa yung the Pantheon at Rome — — — — — 
Era of CyRIsT's Birth — — — — — 
. „ Rd en e — — 
82 by >I1 | 69 4 2 Fr Aras, k 
: i 
; 5 or r Eis of ian Rid — — | 
The true Year of his Crucifixion  — — — — — | 
55 l of Ne —. — — —— + 
ee ber he Tong n nad 
es defeats e Pt th rita — | 
2 | The Dok of Con, antine the Th: — — — —- 
Tue 8 invited into Britain — — — == wm = { 
51. The #r Arabian Hegira — — —. — — — — — 5 
2. 32 Aabammed the pretended N — 4 — 
— Mo 2nd all the Planets in Libra, Sept. 14, ate 4 
4 inting diſcovered ——» — — — — 4 
The 9 degun by Margin Lie. *. een. — 
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Sing the year ur Ons 70800 waa 405 EE ae 
iod, Which hs the 487th ear before .the year of == 
birth, 1 have followed Mr. Beger in his ire Chronotopy, pr 
A. D. 1730, and Mr: Kemed-in's work of the fame Kind, pr 
A: D. 1762.— Mr; Bedford takes it only. for granted that-the \ rarld 
was created at che lim che Autumnal Equinox; but e 
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the time that the Earth makes 36 57 diurnal rotations on it's Axis, it 

goes once round the Sun in the Plane of the Ecliptic; and always keeps 

—_ to a moving Index (Ne. 10.) which ſhews the Sue's daily 
of place, and alſo the days of the months. 


The Earth is half covered with a black cap, for dividing the appa- 


rently ny om half next-the Sun from the other half, which when: 
turned awa 5 regen is in the dark. The edge of the cap repreſents 
the Circle Light and Darkneſs, and ſhews at what time che 
Sun riſes and Is to all places throughout the year. The Earth's: 
Axis inclines 23+ Degrees from the Axis of the Eoliptic, the North: 
Pole inclines toward the beginning of Cancer, and keeps i it's Paralleh{m: 
throughout it's annual Courſe, j 48, ao; ſo that in Summer the nor- 


thern parts of the Earth incline towards the Sun, and in Winter from: 


kim: by which means, the difftrent lengths of days and and 
the cauſe of the various ſeaſons, are — = pars 
There is a broad Horizon, n pee nf which; ia-fab-a0 


Meridian ſemieirole in the North and Sonth Points, graduated on both; 


fides from the Horizon to 90 in the Zenith, or vertical Point. The 
edge of the Horzon is graduated from ſhe Eaſt and Welt to the Sduth 
and. North Points, and within theſe Diviſions are the Points of the 


| Compaſs. From the lower fide of this thin Horizon-Plate ſtand out 


four ſmall Wires, ta wh is ſteacba Twiligbt- Cirele 18 Degrees from 
the graduatad fida of the Horintnrhil round. This Horiaon may be 
pat upon che Earth (when the rap is taken away) and reftifed to the: 
Latitude of any place: and than, by fmall Wire called r Shu, 


which may be put on ſo a8 to pracecd” directiy from the Sun's Center 


towards the Earth's, but to come —— almoſt to tuch the 
Horiaon. The beginning of Twilight, time of Sun- ring, with his. 
| Amplitude, — Altiende, Time of getting, Amplitude then and. 
End of Twilight, are ſhewn for every day of the yen: at * youp to 
which the Horigon i roctie d. 
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The Moon (No. 5.) goes wund the Earth, r 


any fixed: point at 2 great diſtance, in 27 days 7 hours 4 minutes, 
or through all the Signs and Degrees of her Orbit; which is, called 
r e eee e eee ee, 
again, on frem C to Chavet in 29 12 hours 4yanm 
whick is G Sy Reba tion ; nnd in that time the exhibits at the: 
Phaſes already. eſcribed; $255; 
When the abew-chentioned Morin i eie 0s gin Latitude of 
any 2 the Times of rhe Moon's ming and ſetting, together 
| — as well a the Sus 


1. * 
5 and 
* FT 2 9 0 2 ; 
* * 


PLAT IX. NG Seem CEE fixed to an 


The Oxanev: deſcribed.” 


and all the various Phenomena of the Harvefi-Moon, $273; S. ſep | 
are made obvious to ſighht. : 

The Moon's. Orbit (No. 9. 71 is inclined/to ther Belipric; (No. 11.) 
one half being above, and the other below it. The Nodes, or Points 
at o and o, lie in the Plane of the Ecliptic, as as deſeribed $ 317, 318, 
and ſhift backward through all its Sines and Degrees in 182 


gree N 
years. The — of the Moon's Latitude, to tlie higheſt at N L. 


(North Latitude) and loweft at & L (South Latitude) are engraven 
| ways from her: Nodes at o and o; and, as the Moon riſes 


and falls in her Orbit according to it's inclination, her Latitude and 
Diſtance from her Nodes:are-ſhewn for e — * having -firſt rectiſied 
| her Orbit o as to ſet the Nodes to 2 e in the 
8 : and then, as they come àbout at different, and almoſt 
oppoſizetimes.of the year; 5 3 9, and then point towards the Sun, all 
the Eclipſes may be ſhewn for hundreds of years (without any new | 
rectiſication) by turning the "Machinery .backward for time paſt, or 
forward for time to come. At 17 Degrees diſtance ftom each Node, 
on both ſides, is engraved a fmall-Sun and at 12 s diftance, a 
ſmall Moom; which ſhew the limits of ſolar and lunar E ipſes, 5 * 
and when, at the Moon falls between * theſe 
Suns and the Node, the Sun will 'be: eclipſed on the day inte to by 
the Annual-Index (No. 10.) and as the Moon has then North or South 
Latitude, one may cafily. judge whether that Eclipſe will be viſible. 


in the Northern or Southern He ſphere Z eſpecially as the Earth's 
Axis inclines: toward the Sun or from bim at that time.” And 


when, at any Full, the Moon fills between either of the little Moons 
2 Node, Ae here is Circ „ 
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ings ang hing 
like a cap upon the Earth, and the forked part F upon the 
„ſheus the Tides as the Earth turns round within them, and 


+ Ms > © 10 dab v7 0 ee e i 


| have Tides: of Floods and when 
they come de che — 7 E D, they have Tides of Ebb, 


$304; op; the Index on the Hour- Circle dare 4c e the 
mes of theſe Phenomena. ee EE 

There is a jointed Wire, of which capa biden put into a Hole 
D r won 4 and 1 Wire laid into 


Mercury, 


The Oanrav deſcribed. — 25x 


Men ſhews the direct and retrograde Motions of theſe two Planets 
with their ſtationary Times and Places as ſeen from the Earth. 

The whole Machinery. is turned by a winch or handle (No. 12 9 
228 is ſo eaſily moved, that a clock might. turn it without any danger 
of ſtopping. 

To give a Plate of the Abe work of this Machine, would anſwer 
no purpoſe, becauſe many of the wheels le 0 e others as toe 
them from Brit in may view whatiberer. 


Jobs. Another OankRr. In this Machine, * is the ample 1 Another 
ever ſaw, for ſhewing- the diurnal and annual motions of the Earth, O**=xr. 
together with the motion of the Moon and her Nodes, A and B are 
two oblong ſquare Plates held together hy four upright pillars; of 
which three appear at /i g, and g 2. Under the Plate A is an endleſs PLATE VL. 
ſcrew-on-the Axis of the handle 2, which works in a wheel fixed on Fig. I. 
the ſame: Axis with the double rooved wheel E; and on the top 
of this Axis is fixed the toothed wheel i, which turns the pinion &, on 
the top of whoſe Axis is the pinion & 2 which turns anather pinion. 32. 
and that other turns a third, on the Axis à 2 of which is the Bark 
U turning round; this laſt Axis inclining 23% Degrees. The ſapporter 
5 2, in which the Axis of the Garth turns, is fixed to the moveable | 

late C. | 5 
In the fixed Plate B, end jnjftieditho firong vire 4 on 
which hangs the Sun 7. ſo as it may turn round the wire. To this 
Bun is ay the wire or ſolar ray Z, which (as the Earth U turns 
round it's. Axis) points to all the places that the Sun paſſes vertical | 
over, every day of the year. The Earth is half covered with à bl 
cap a, as in — Orrery, for dividing the day from the night; 
andy as the different places come out from below the edge of the cap- 
or go in below it, they ſhew the times of Sun- riſing and ſetting every 
day of the year. This cap is fixed on the wire 6, which has a worked | 
piece C turning round the wire d: and, as the Earth goes round the 
Sun, it carries the Cap, Wire, and ſolar Ray round _ ſe that the 
ſolar Ray conſtantly points towards the Earth's Center.. 

On the Axis of the pinion & is the ' pinion m, — urns a 

wheel on the cock or ſupporter: x,” and on the Axis of  this-wheel. 
neareſt 72 is a pinion (hid; from view) under the Plate C, w. 57 

pinion turns a wheel that carries the Moon / round the Earth U; 

. the Moon's: Axis riſing and falling in the ſocket , Which is fixed 

to. the triangular - piece above 2; and; this piece is fixed to the top 

5 of 1 ofthe. r fockst Wis lit on | 


the 
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the outermoſt fide; and in this lit the two pins near J, fixed in the 

Moon's Axis, move up ard: down; one of them being above the 

inclined Plane FX, and the other below it. By this mechaniſm, the 

Moon V moves round the Earth T in the inclined Orbit g, paral- 

. to the Plane of the Ring TX; of which the Deſcending Node 

is at X, and the AY Node oppoſite to, but hid. by the fup- 
XK 2. © 


The ſmall e Þ tas the —4 wheels D pl E. of equal dia- 


meters, by cat-gut ſtrings croſſing between them: and the Axes of 
theſe two wheels are cranked ar. G and H, above the Plate B. The 

ight ſtems of theſe cranks. g oing through the Plate C. carry it 
der and over tho fixed Plate B Dh a motion which. carries the 
Barth V round the Sun Ty keeping the Earth's Axis always: parallel to 
esel; or ſtill inclining towards the left hand of the Plates and ſhew- 
ag dhe vicidirades of ſeaſons, as deſcribed. in the tenth, chapter. As the 
Carth goes round the Sun, the pinion 4 goes round the wheel z 4 for the 
Axis of never ache tho nenen has turns on a wire fixed 
info che Plate C. 

On che. op cin 2 e Index FA aa es the 
Circte a in the time tat the Earth: goes round. 8 and points 
to the days of the mentks; which, together with the names .of the 
ſeaſons, are marked in this Circle. | 

This Index has a ſinall. — wheel 4 faxed upon it, 3 
which, ' and the Plate , | gaes a em gut Rring croffing between tem; 
and by this means the Moon's inclined. Flas XA with ies Nodes 


7 turned N tor eee the times and returns" of. Eclipſes, 


N oh following parts of this machine maſt be conſidered. as dilinet 
from thoſe dei de bel. 

Tocrarde the right hand, let $ be the Earth hung on the wire | e, 
which is fed into the Plate B; and et bs the Moon eu ene 
Axis M, and turning round within the cap P, in which, and in the 
Plate C, the crooked wire & is fixed. On the Axis M is alſo fixed the 
Index K, which goes round a Circle þ a, divided into 29+ equal parts, 
which are the days of the Meon's age: but te avoid confuleh in the 


ſcheme, it is only marked with the numeral figures 1 2 3 4, for the 


— As the crank H carries this Moon round the Earth & in the 
Orbit 2, ſhe chews all her Phafes by means of the cap P for the diſ- 
ferent days of her age, which are ſhewn by the Index K; this Index, 
turning juft as the Moon © does, decucadiates ber rating ooand: hn 


rg k ee eee $ 402. . 
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At che other end of the Plate C, a Moon N goes round an Earth R 
in the Orbit p. But this Moon's Axis is ſtuck faſt into the Plate C at 
8 2, fo that neither Moon nor Axis can turn round; and as this Moon 
dar; round her Earth, ſhe ſhews herſelf all round to it; which proves, 


t if the Moon was ſeen all round from the Earth in « Lunation, 
ſhe could not turn round her Axis. 

N. B. If there were only the two wheels D and E with a cat-gut 
Nering over them, but not croſſiag between them, the Axis of the 
Barth U would keep it's Paralleliſm round the Sun T, and ſhew all the 
ſeaſons; as I ſometimes make theſe Machines : and the Moon © 
would go round the Earth S, ſhewing her Phaſes as above; as like- 
wiſe would the Moon N round the Earth R; but then, neither could 
the diurnat motion of the Earth ä uy er nor the 
motion of the Moon V round that Earth. 120 
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309. In the year 25746 I contrived: '2 Ve y Genple Machine, . Car cu- 


Seb Wed it's performance in a ſmall Treatiſe upon the Phenomena ren. 


of che Harveſt-Mooen, publiſhed in the year 17459, I improved it 
ſoon after, by adding another wheel, and . The Calculator. 


Tt may be eaſily made by _ Gentleman ho has a mechanical 
Genius. 


The great flat Ring ſapported by twelve pillars, and on \ which the PL. VIII. 


twelve Signs with” their reſpective Degrees are laid down, is the Fig. I. 
Ecliptic; nearly in the center of it is the gun 8 fapported by the 


ſtrong crooked Wire I; and from the Sun proceeds a Wire , 
Called the Solar Ray, pointing towards the center of the Earth E, 
which is furniſhed with a moveable Horizon H, together with a 
braſen Meridian, and Quadrant of Altitude. N is à ſmall Eoliptic, 
_ whoſe Plane coincides Wich that of the great one, and has the like 
Signs and marked upon it; and is ſupperted by two Wires 
D and D, ich enter into the Plate PP, but may be taken off at 
pleaſure. As the Earth goes round the gun, the Signs of this ſmall 
Circle keep parallel to themſelves, and to thoſe of the great Ecliptic. 
When it is taken eff, and che {olhar. Ray drawn farther out, 
ſo as almoſt to touch the Horizon H, or the Quadrantof Attitude, the 
Horizon being reckified to any given Latitude, and che Earth turned 
round it's Aris by hand, Wo of the Wire #/ ſhews the Sun's 
Deelination in paſſing over dauol braſs Meridian, and his 
height at any given time upon Quadrant of Altitude, together 
with his Avimuth, or Point of bearing — Horizon at that time 3 


and HMkewiſc his Amplitde, and Time of ring zand ſetting by the 


o 2 Hour- 
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Hour - Index, for any day of the year that the Annual-Index U points 
to in the Circle of Months below the Sun. M- is a Solar-Index or 
Pointer ſupported by the wire L which is fixed into the knob K. the 
uſe of this Index is to ſhew the Sun's place in the Ecliptic every day 
in the year; for it goes over the Signs and Degrees as the Index U 
goes over the Months and Days; or rather, as they paſs: under the 


- -Index V, in moving the coyer- plate, with the Earth and it's Furniture 


rund the Sun; for the Index U is fixed tight on the immoveable Axis 
in the Center of the Machine. K is a knob or handle for moving the 


_- ' Earth round the Sun, and the Moon round the Barth. 


As the Earth. is. carried round the Sun, it's Axis conſtantly; keeps 
the ſame oblique: direction, or parallel to itſelf, & 48, 202, ſhewing 
thereby the, different lengths of, days and nights at different times of 
the. year, with all the various ſeaſons. And, in one annual revolu- 
tion of the Earth, the Moon M goes 12+ times round it from 


* Change to Change, having an occaſional proviſion for ſhewing her 
different Phaſes. The lower end of the. Moon's, Axis bears by. a {mall 


friction wheel upon the inclined Phane 7, which cauſes the Moon to 
riſe above and ſmk: below the Ecliptic. Rin every Lunation; croſſing 
it in her Nodes, which ſhift backward. through all the Signs and 
Degrees of the ſaid Ecliptic, by the retrograde Motion of the inclined | 


Plane T,in-18: years-and- 2a days. On this: Plane the Degrees and 
Parts of the Moon's: Nerth and South Latitude: are laid down from 


both the Nodes, one of which, viz. the Deſcending Nede, appears 
at o, by. DN above B; the other Node being hid from Sight on this 
Plane by the: plate P; and from both Nodes, at proper diſtances, 


_  as-in the other Orrery, the limits of Eclipſes are marked, and all the 
ſeolar and lunar Eclipſes are ſhewn in the ſame; manner, for. any given 


year, within the limits of 600, either before or aftes the Chriſtian 
Ara. On the plate that covers the. wheel- work, under the Sun. 83 
and round the knob K, are Aſtronomical Tables, by which the Ma- 
chine may be rectified to the beginning of nyo year within theſe - 
limits, in three: or: four minutes of time.; and. when once. ſet right, 
may be turned backward for 300 years peſt, or forward for as many 
to come, without requiring any new rectification; There. is a me- 


thod for: it's. adding up the 29th of February every- fourth year, and 


allowing only 28 days to that month for every other. three: but all 
this being performed by a particular manner of. cutting. the teeth of 


the Wheels, and dividing the Month-Cirele, too long and intricate: to 
de deſeribed here, I ſhall only-ſhew-how, theſe: motions may be per- 
formed near enough for common uſe, by wheels with .groaves and 


cat 


Ve CarcuLator deſcribed. 
eat-gut ſtrings round them; only here I muſt put the Operator in mind, 
that the grooves are to be made ſharp-(not round) bottomed, to keep 
the ſtrings from ſlipping. Os : 


The Moon's: Axis moves up and down in the ſocket N fixed into 


the bar O (which carries her round the Earth) as ſhe riſes above or 
ſinks below the. Ecliptic; and immediately below the inclined Plane T 


is a flat circular plate (between 7 and T) on which the different Ex- 


centricities of the Moon's Orbit are laid down; and likewiſe: her 
mean Anomaly. and .elliptic Equation, by which her true Place may 
be very nearly found at any time. Below this Apogee plate, which : 
ſhews the Anomaly, &c. is a Circle I divided into 29% equal parts, 


which are the days of the Moon's age: and the forked end A of the 


Index: AB. (Fig. II.) may be put into the apogee part of this plate; 


there being juſt ſuch another Index to put into the inclined Plane 7 


at the Aſcending Node; and then the curved points B of theſe 


Indexes-ſhew.the direct motion of the Apogee, and retrograde Motion 
of the Nodes through the Eeliptie R, with their Places in it at an 


given time. As the Meon M goes round the Barth. E, ſhe ſhews 
her Place every day in the Ecliptic R, and the lower end of her 


Axis ſhews her Latitude and Diſtance from her Node on- the inelined 


Plane 7, alſo her Diftance from her Apogee and Perigee, together 
with her mean Anomaly, the then Excentricity of her Orbit, and her 


elliptic Equation, all. on the Apogee plate, and the Day of her Age 


in the Circle F of 29+ equal parts; for every 1 pointed 


out by the Annual-Index V in the Cirele of months. 


Having rectified the Machine by the Tables for the beginning of 


any year, move the Earth; and Moon forward by the knob K, untii 


the Annual- Index comes to any given day: of the month; then ſtop, 


and not only all the above Phenomena may* be ſhewn for that 


day, but alſo, by turning the Earth round it's Axis, the Declina- 
tion, Azimuth, Amplitude, Altitude of the Moon at any hour, and 
the Times of her riſing and ſetting, are ſnewn by the Horizon, 


* 
4 
>» 
s 


Quadrant of Altitude, and Hour-Index. And in moving the Earth 
round the Sun, the days of all the: New. and Full Moons and 


Eclipſes in any given year are ſhewn. The Phenomena of the 


% 
. 


Harveſt-Moon, and. thoſe of the Tides, by ſuch a-cap as thkt in 
Plate IX. Fig. 10. put upon the Earth and Moon, together with 


the ſolution of many problems not : here: related, are made: con- 

ee ee e e e r ee 
The eaſieſt, though not the beſt way, that I can inſtruct any 

mechanical perſon to- make the wheel- work of ſuch a machine, is 


ad. 


* 


— 
* 
— 
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28 follows; Which is the way that 1 made it, before 1 — of 


numbers exact enough to make it worth the trouble pol cutting tecth 
in the wheels. 

Fig. zd of Plate VIII. is a ſection of chis Machine; in which ABCD 
is a frame of wood held together by four pillars at the corners, 


whereof two appear at AC and BD. In the lower Plate CD of this 


Frame are three ſmall friction-wheels, at equal- diſtances from each 
other; two of them appearing at e and e. As the frame is moved 
round, theſe wheels run upon the fixed bottom Plate E. E. pane 
ports the whole work. 


In the center of this laſt-mentioned Plate is fixed the : 


Aris FF FG, and on the ſame Axis is fixed the Wheel HHH, in which 


1 the Wheat or Axe. 


are four Grooves I, X, E, L of different diameters. In theſe Grooves 


— oh ficings going ale raund the ſeparate Wheels M, N, 0 
an 


in dend n a fond Apiadie er Auis the lower 
See moveable 
AB CD; and on the upper end of ' this Axis is fixed the 
Plates 0 (which is P P, under the Earth, in Fig. 1.) and to this 
Plate is fixed, at an Angle of 23+ Degrees mnolination, the Dial- 
plate below the Earth T ; on the Axis of which, the Index 9 is 
turned round by the Earth This Axis, together with the 
WhoeL A4 and Plate 0 4 Amame — the 


Bun S. 


On the Axis of the Wheel AC is 4 moncable fſacket, on Which the 
mall Wheel N is fixed, and on the upper end of chis ſocket is put 


on tight {but fo as it may be cocafianally turned by hand) the bar 


22 (vir, the bar O in Fig. 1.) which carries the Moon m round 
dhe Earth T, by che ſocket a, fixed into the bar. As the Moon 


geen round the Earth, her Axis riſes and falls in the ſocket u; 
— on che Joer end of her Axis, which is turned inward, there 


on the inclined Plane X (which 
Fig. 1.) and ſo cauſes the Moon alternately to riſe aboye 


in 
. and n below te: n {R in Fig 1. in ee, 
| Nation; 


On e eden as of che Wheel . a We 
— on which the Wheel O is fixed; and the Moon's inclined 


Nane N is put tightly on the upper end of this ſocket, not on a 


ſquare, but on a round, that it may be e ſet ae _ | 


Laſtly 


416 ©, =» 7 
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Laſtly, on the hollow Axis of the Wheel O is another ſocket, on 


which is fed the Wheel P, and on the upper end of this ſocket 
is put on tightly the Apogee plate 2 (that immediately below T in 
Fig. 1.) All” theſe Axles turn in the upper Plate of the moveable 
frame at & which Plate is covered with the thin Plate cc (ſcrewed 
wo) it) wherean are the fare-mentioned Tables and Month-Circle in 
ig- 
The middle part of the thick fixed Wheel HHH is much broader 
than the reſt of it, and comes out between the Wheels M and 0 
almoſt to the Wheel N. To adjuſt the diameters of the Grooves of 
this fixed Wheel to the Grooves of the ſeparate Wheels M, N, O and 
P, ſo as they may perform their motions in the proper e, the 
following method muſt be obſerved. 
The Groove of the Wheel M, which keeps the Paralleliſm of the 
Earth's Axis, muſt be preciſely of the fame Diameter as the lower 
Groove Jof the fixed Wheel HHH; but, when this Groove is fo 
well adjuſted as to ſhew, that in. ever ſo many annual revolutions 
of the Earth, it's Axis boy its Paralleliſm, as may be obſerved. by 
the ſolar. Ray / (Fig. 1.) always coming preciſely to the ſame De- 
gree of the Lal Ecliptic R at the end of every annual revolution, 
when the Index M points to the like Degree in the great Ecliptic ; 
then, with the edge of a thin File, give the Groove of the Wheel M 


a {mall ruh all round, and, by that means. leſſening the Diameter of 


the Groove perhaps about the 20th part of a bair's breadth, it will 
cauſe; the Earth to ſhew the Preceſſion, of the Equinoxes; whieh, in 


many annual revolutions, will begin to be ſenſible, as the Earth's p —4 | 


deviates ſlowly from it's Paralleliſm, & 246, towards the antecedent 
Sign of the Echptic. 

The Diameter of the Groove of the Wheel. N. which. carries the 
Moon round the Earth, mult be to the Piega of the Gage X, 25 
a Lunation is to a year; that is, as 0 3682. 1 4642 
5 CC gh - eel O, which turns 
inclined Plane X with the Moon's Nodes backward, muſt be. to the 
Diameter of the Groove &, as 20 to 18444. And, 

Laſtly, the Diameter of the Groove of the Wheel P, Which carries 


7 forward, muſt be to the Diameter of the Groovy 5 


L. as 70 to 62. 
But, after all this nice adjuſtment of the Grooves t9 to the he i roger 
tional times of their reſpective Wheels turning I0 
ſeems to promiſe very well in Theory, there will auh de E 
ME ng: e adjuſtment by hand; becuuls, progen Ane, 
3 
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muſt be made for the Diameters of the cat-gut ſtrings: and the 
Grooves muſt be ſo adjuſted by hand, as, that in the time the Earth is 
moved once round the Sun, the Moon muſt perform 12 ſynodical 
;revSlutions, round the Earth, and be almoſt 11 days old in her 1ʒth 
revolution. The | inclined Plane with it's Nodes muſt go once 
round backward through all the Signs and Degrees of the ſmall 
Ecliptic in 18 annual revolutions of the Earth, and 225 days over. 
And the Apogee plate muſt go once round forward, ſo 25 it's Index 
may go over all the Signs and Degrees of the ſmall Ecliptic in 
eight years (or fo many annual revolutions of the Earth) and 372 
days over. 

N. B. The ſtring which goes W the Grooves * and N for the 
Moon's Motion muſt croſs between theſe Wheels; but all the reſt of 
the ſtrings go in their 2 mTInts 9 F M., 4 0, and 4 P, without 
 Crofling. | 


400. The Cokint 5 RIUM. This © ae "Machine ſhows the Mo- 
don of a Comet or excentrie Body moving round the Sun, deſcribing 
equal areas in "equal times, 9 152, and may be ſo contrived as te 


ſhew ſuch a Motion for any Degree of Excentrieity. It was inemed 


by the late Dr. DzsacuLIzs. 


PLATE IV. The dark elliptical Groove round the letters ebene febi TT is = 


Fig. IV, 


Orbit of the Comet F: this Comet is carried round in the Groove, 


6 according to the order of letters, by the Wire V fixed in the 8un 8, 
and ſlides on the Wire as it approaches nearer to or recedes farther 


from the Sun, being neareſt of all in the Perihelion a, and fartheſt 
in the Aphelion g. The areas a $4, 5 Se, c & d&. or contents of 


theſe ſeveral Triangles, are all equal; and in every turn of the Winch 
NV the” Comet 2 is carried over one of theſe areas; ' conſequently 


in «as much time us it moves from f' t6 g. or from g to h, it moves 


From m to 4, or from à to h;; and ſo of the reſt, being-quickeſt of all 


at 4, and floweſt at g. Thus, the Comet's velocity in its Orbit con- 


Unually Yecreafes from the Perihelion - 2 to e eee 85 and 


:Increaſes in the ſame proportion from g to 24. 

The elliptic Orbit is divided into 12 equal Parts or Signs, with 
their reſpective Degrees, and fo is the Circle nopg rv n, which 
repreſents: a great Circle in the Heavens, and to which the Comet 's 


motion is referred by a {ſmall knob on the point of the wire . 


Whilſt the Comet moves from f to. g in it's:Orbit, it appears to move 


only about five degrees in this Circle, as is ſhewn by the imall : knob on 


me end of the e JöH0but in * 
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from m to a, or from à to &, and it appears to deſcribe the large ſpace 
u or n0 in the Heavens, either of which ſpaces contains 120 Degrees, 
or four Signs. Were the Excentricity of it's Orbit greater, the greater 
ſtill would be the difference of it's Motion, and vice versd. | 
ABCDEFGHIKLMA is a circular Orbit for ſhewing the 
equable Motion of a Body round the Sun &, deſcribing equal Areas ASB, 


BS C, &c. in equal times with thoſe of the Body Y in it's ellip- 


tical Orbit above-mentioned ; but with this difference, that the circu- 
lar Motion deſcribes the equal Arcs AB, BC, &c. in the fame 
equal times that the elliptical Motion deſcribes the unequal Arcs 
ab, be, &c. | | N 

Now, ſuppoſe the two Bodies Y and 1 to ſtart from the Points 
a and A at the fame moment of time, and each having gone 
round it's reſpective Orbit, to arrive at theſe Points again at the ſame 
inſtant, the Body 7” will be forwarder in it's Orbit than the Body 1 
all the way from @ to g, and from A to G; but 1 will be for- 
warder than H through all the other half of the Orbit; and the 
difference is equal to the Equation of the Body YT in it's Orbit. 
At the Points a, A, and g, G, that is, in the Perihelion and Aphe- 
lion, they will be equal; and then the Equation vaniſhes. This 
ſhews why the Equation of a Body moving in an elliptic Orbit, 
is added to the mean or ſuppoſed circular Motion from the Perihe- 
lion to the Aphelion, and ſubtracted from the Aphelion to the Perihe- 
lion, in Bodies moving round the Sun, or from the Perigee to the 
Apogee, and from the Apogee to the Perigee in the Moon's Mo- 
tion round the Earth, according to the Precepts in the 3 5 3d Article; 


only we are to conſider, that when Motion is turned into Time, 


it reverſes the titles in the Table of The Moon's elliptic Equation. 


4 * 
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This Motion is performed in the following manner by the machine. PLATE W. 


ABC is a wooden bar (in the box containing the wheel- work) above pig. v. 
which are the Wheels D and E; and below it the elliptic Plates FF 


and GG; each Plate being fixed on an Axis in one of it's Focuſes, at 
E and K; and the Wheel E is fixed on the ſame Axis with the Plate 
FF. Theſe Plates have Grooves round their edges preciſely of equal 
diameters to one another, and in theſe Grooves is the cat- gut 


ſtring gg, gg eroſſing between the Plates at 6, On H, the Axis of the 


handle or winch N in Fig. 4th, is an endleſs ſcrew in Fig. 5, working 
in the Wheels D and E, whoſe numbers of teeth being equal, and 
ſhould be equal to the number of lines 48, 6 8, cS, &c. in Fig. 4, 
they turn round their Axes in equal times to one another, and to the 

Motion of the elliptic Plates. For, the Wheels D and E having 
„ EP equal 


— _—_ wo oft ror — * ͤ—u—— 
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equal numbers of teeth, the Plate FF being fixed on the. fame Axis 
with the Wheel E, and the Plate F turning the equally big Plate 
GG by a cat-gut ſtring round them both, they muſt all go round 
— Les crow of the handle N as either of the Wheels 
It is caſy to ſee, that the end 4 of the elliptical Plate FF being 
farther from it's Axis E than the oppofite end i is, muſt deſcribe a 
Circle ſo much the larger in portion ; and therefore move through 
ſo much more ſpace in the {ame time; and for that teaſon the end 
b moves ſo much faſter than the end 7, although it goes no ſooner 
round the Center E. But then, the quick-moving end þ of the Plate 


F F leads about the ſhort end K of the Plate & G with the ſame 


velocity; and the flow moving end i of the Plate F F coming half 
round as to B, muſt then lead the long end & of the Plate G G as 
ſlowly about: 80 chat the elliptical Plate FF and it's Axis E move 
| uniformly and · equally quick in every part of it's revolution; but 
the elliptical Plate G G, together with it's Axis K. muſt move very 
unequally in different parts of it's revolution; the difference being 
always inverſely as the diſtance of any point of the Circumnference- of 
6 G from it's Arie at K : or in other words, to inſtance in two points, 
if the diſtance K ł be four, five, or fix times as great as the diſtance 
Kh, the Point b will move in that pofitien four, five, or fix times as 
faſt as the Point & does, when the Plate GG has gone half round: 
and ſo on for any other Exoentricity or Difference of the Diſtances 
K+ and K b. The tooth 5 on the Plate F F falls in between the two 
teeth at E on the Plate G G, by which means dhe revolution of the 
latter is ſo adjuſted to that of the former, that mere vary 
from one another. fs | 
On the | of dhe Axis uf the <quellyanoving Wheel D, in 
Fig- Sth, is the Sun S in Fig. 4th; a 
fixed to it, 3 2 — the Cisele ABCD, &. with an 
N according to the order of the letters: und on\the top 
the Axis K of the unequally- moving Elliplis G-G, in Fig. 5th, is 
the Sun § in Fig. th. carrying the Ball 2” unequably raund in the 
elliptical Gropve-@:6-c:4, . N. B. This elliptical Groove mult be 
preciſcly equal and ſimilar to Nun. AR , which is 
alſo equal to that of FF. 
In this manner, Machines may be made: to ſhew the ttue Mo- 
tion of the Moon about the Earth, or of any Planet about the Sun ; 
by making me elliptical Plates of che ſanie Excentricities, in pro- 
N to the Radius, as the-Orblts of the Planets are, whole, Mb-. 


tions 
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tions they repreſent : and fo, their different Equations in different 
parts of their Orbits may be made plain to fight; and elearer Ideas 
of theſe Motions and Equations acquired in half an hour, than 
could be gained from reading half a day about ſuch Motions and 
Equations. | | 
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401. The ImnPROvED CELESTIAL GLOBE. On the North Pole The im- 


of the Axis, above the Hour-Circle, is fixed an Arch MK H of 23 Nored 


* CeLesTIAL © 


Degrees ; and at the end H is fixed an upright pin H G, which GLoBe. 


ſtands directly over the North Pole of the Echptic, and perpendicular 
to that part of the ſurface of the Globe. On this pin are two 


moveable Collets at D and H, to which are fixed the quadrantal PLATE 1, 
Wires N and O, having two little Balls on their ends for the Sun Fig. III. 


and Moon, as in the Figure, The Collet D is fixed to the circular 


Plate F, whereon the 29+ days of the Moon's age are engraven, 


beginning juſt under the Sun's Wire N; and as this Wire is moved 
round the Globe, the Plate F turns round with it. Thefe Wires 
aus-ealily turned, if the {crew G be flackened ; and when they are 
ſet to their proper places, the ſcrew ſerves to fix them there ſo, as 
inturning the Ball of the Globe, the Wires with the Sun and 

go round with it; and theſe two little Balls riſe and ſet at 
he ſame times, and on the ſame points of the Horizon, for the 
day to which they are rectified, as the Sun and Moon do in the 


Heavens. 


- Becauſe the Moon keeps not her courſe in the Ecliptic (as the Sun 


appears to do) but has a Declination of 5 Degrees on each ſide from 
it in every Lunation, & 317, her Ball may be ſcrewed as many De- 
grees to either ſide of the Ecliptic as her Latitude or Declination from 


the Ecliptic amounts to at any given time; and for this purpoſe & is 


a ſmall piece of paſteboard, of which the curved edge at S is to be ſet 


ypon the Globe at right Angles to the Ecliptic, and the dark line 


over & to ſtand upright upon it. From this line, on the convex 
edge, are drawn the 5, Degrees of the Moon's Latitude on both ſides 
of the Ecliptic ; and when this -5 is ſet upright on the Globe, it's 
graduated edge reaches to the 

ſhe is eafily adjuſted to her Latitude found by an Ephemeris. 
The Horizon is ſupported by two ſemicircular Arches, becauſe 
Pillars would ſtop the progreſs of the Balls when they go below the 

Horizon in an oblique ſphere. 5 2 | 
To reftify this Globe, Elevate the Pole to the Latitude of the Place; 
then bring the Sun's place in the Mr for the given day to the 
| p 2 | braſen 


oon on the Wire O, by which means 
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To re&ify it. braſen Meridian, and ſet the Hour-Index to XII at noon, that is, to 


the upper XII on the Hour-Circle ; keeping the Globe in that fitua- 


tion, flacken the ſcrew G, and ſet the Sun directly over his place on 


the Meridian ; which done, ſet the Moon's Wire under the number 
that expreſſes 'her age for that day on the Plate F, and ſhe will then 
ſtand over her place in the Ecliptic, and ſhew what Conſtellation ſhe 
is in. Laſtly, faſten the ſcrew G, arid laying the curved edge of 
the paſteboard & over the Ecliptic below the Moon, adjuſt the Moon 
to her Latitude over the ee ed ige of the paſteboard ; ann tne 


Globe will be rectified. 


HFaving thus rectified the Globe; turn it round, and obſerve on whe 


points of the Horizon the Sun and Moon Balls riſe and ſet, for theſe 


agree with the points of the Compaſs on which the Sun and Moon riſe 
and ſet in the Heavens on the given day; and the Hour-Index ſhews 
the times of their riſing and 5 etting 3 ; and bkewiſe . time of n 
Moon's paſting over the Meridian. 4 4 

This ſimple Apparatus ſhews all the varieties that can happen in 


the riſing and ſetting of the Sun and Moon; and makes the fore- 


mentioned Phenomena of the Harveſt- Moon (Chap. xvi.) plain to 
the Eye. It is alſo very uſeful in reading Lene oh the Globes, 
becauſe a large company can ſee this Sun and Moon go round, 
riſing above and ſetting below the Horizon at different times, 
according to the ſeaſons of the year; and making their appulſes 
to different fixed Stars. But in the uſual way, where there is 


only the places of the Sun and Moon in the Ecliptic to keep 


the Eye upon, they are _ loſt ht of, unleſs hey” be gs 
woe nen : 


462; The Hino G In this Machine, Tis is a ee 


Globe fixed on it's Axis ſtanding upright on the Pedeſtal C D E, 


on which is an Hour- Circle, having it's Index fixed on the Axis, 


which turns ſomewhat tightly i in the Pedeſtal, ſo that the Globe may 


not be liable to ſhake ; to prevent which, the Pedeſtal is about two 


Inches thick, and the Axis goes quite through it, bearing on a 


fhoulder. The Globe is hung in a graduated braſen Meridian, much 
in the uſual way; and the thin Plate V, NE, E is a moveable 


Horizon, graduated round the outer edge, for ſhewing the Bearings 


and Amplitudes of the Sun, Moon, and Planets. / The braſen Merf- 
dian is grooved round the outer edge; and in this Groove is a ſlender 


femi-cirele of braſs, the ends of rhichd are fixed to the Horizon 


in it's North and South Points: this ſemi- circle ſlides in the Groove 
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as the Horizon is moved in ee it for different Latitudes. To 
the middle of the ſemi- circle is fixed a Pin, which always keeps in 
the Zenith of the Horizon, and on this Pin, the Quadrant of Altitude 
7 turns; the lower end of which,, in all poſitions, touches the Ho- 
rizon as it is moved round the ſame. This Quadrant. is divided into 
go Degrees from the Horizon to the zenithal Pin on which it is turned, 
at 90. The great flat Circle or Plate A B is the Ecliptic, on the 
outer edge of which the Signs and Degrees are laid down; and eve 
n iS _ through the reſt of the ſurface of this Plate towards 
it's Center. On this Plate are ſeven Grooves, ito. which, ſeven little 
Balls are adjuſted.. by ſhding Wires, OATS N AAR y moved in 
the Grooves, without danger of ſtarting out of them. The Ball next 
the terreſtrial Globe is the Moon, the next without it is Mercury, the 
next Venus, the next the Sun, then Mars, then Jupiter, and laſtl 
Saturn; and in order to know them, they are ſeparately ſtampt with 
the following Characters; D, 9 „%, O, C, E, k. This Plate, 
or Ecliptic is ſupported by four ſtrong. Wires, having their lower ends 
fixed into the Pedeſtal, at C, D, and E, the fourth being hid by the 
Globe. The Ecliptic is inclined 234 Degrees to the Pedeſtal, and is 
therefore properly inclined to the Axis of the Globe which ſtands 
7. 
| o rectiſy this Machine. Set the Sun, and all the planetary Balls, To rectif) it. 
to their geocentric places in the Ecliptic for any given time, by an 
Ephemeris: then ſet the North Point of the Horizon to the Latitude 
of your place on the braſen Meridian, and the Quadrant of Altitude to 
the South Point of the Horizon; which done, turn the Globe with it's 
Furniture till the Quadrant of Altitude comes right againſt the Sun, viz. 
to his place in the Ecliptic; and keeping it there, ſetithe Hour; Index to 
the XII next the letter C; and the Mathine willi be rectified, not only 7 
6 - for the following Problems, but for ſeveral others, which the Artiſt 
„inn rind tte A A4 wr! 17 9 23 241 


1 a 4 * "| Sg . 
461i 3513 10 S357 3: 


may eaſily find out. 4 0} 4 | 
5 ds i Cheer 
„ WTO RIC Sons 21 
To find the Amplitudes, Meridian Altibudes, and times of rift, enmi- 


5 noe roy #7 


of it's riſing; and the inner edge of the Ecliptic will cut it's riſin 


Amplitude in the Horizon; Turn on, and as the Quadrant of Alti- 


- 


294 5 The "PLANETARY Gros deſcribed. 


tle comes tight dgainid che Sun, Vile os Phones, the Echptic cute 
their meridian Altitudes in the t, and the Hour-Index ſhews 
ſte times of thelr coming ts i Continue turning, and as 
8 the weſtern edge of che Hotizon comes right againſt the Sun, Moon, 
| 2 thelf {titg Athplitudes are cut in the Horizon by the 
and the tines of their- ing « are ſhewn by the Index on 
the Henna 
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PROBLEM II. 


1 1 6% 5 aug al | Ms of the Sim, Moon, and Planets, at ay 
7 ine of their being abbue the Horizon, bb 


Torn the Globs en the Index comes tothe given time in | the Hour- 
Circle ; chen kesp the Globe ſteady — the Quadrant of 
Altitude to eich Planet —— * = of the Ecliptic will cut 
the Planet's mean Altitude dn the Quadrant, and the Quadrant will 
A pad, poor e r ee 5 


© he —u—⅛ 
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| | PROBLEM nt. - $0) 
— W. det Pink bag given at any time either before or after Noon, to 
SEE 8 . of te Be ON POE” nnd TP? 


Weh ab band lola the edge of the Quadrant A aguin inſt the Sun; ; 
and, with the other hand; turn the Globe weſtward, Ec be-in the 
forenoon, or eaſtward if it be in the afternoon, until the Sun's place 
at the inner edge pf the Ectiptic cuts the Quadrant in the Sun's ob- 
ved Altirade 3/and' then the Hour- Index will point out the time of 
che day and the Quatirant will cut the true Azimuth, or Bearing of 
the Sun for that time: the difference between which, and the bear- 
ing ſhewn by the Azimuth > ſhews the Wann of the Com- 
2 in that place of the! 2 


The Ta- $93. The + TxAjectons — 1 This Machine is for deli- 
3 Wan the: of the Earth and Moon, n what ſort of 
2 ' Curves they make in the ethereal regions ; and was juſt mentioned in 
PLATE Vi. the 268th Attide. 5 5s che Sun, and E the E „ whoſe Centers 
Fig. v. att Vt inche e r 
Mon of 47. M che Moon, whoſe Center is gg parts 

of at ch om the Earth's in this Machine, this being in juſt pro- 
tn to the Boon Giſlane. from the Earth, e —— 
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of Wood, to be moved by hand round the Axis which is fixed in 
| the Wheel 7. The Circumference of this Wheel is to the Circum- 
ference of the ſmall Wheel L (below the other end of the Bar) as 
305% days is to 29+; or as a Year is to a Lunatien. The Wheels 
e grooved round their edges, and in the Grooves is the cat-gut 
| firing G croffing between the Wheels at X. On the Axis of the 
Wheel L is the Index F, in which is fixed the Moon's Axis M fer 
carrying her round the Earth E (fixed on the Axis of the Wheel L 
in the time that the Index goes round a Circle of 2 ual parts, 
which are the days of the Moon's age. The Wheel T c tet 
and Days of the year all round it's Limb; and in the Bar AA is fixed 


the Index IJ, which points out the Days of the Months anſwering to 
the Days of the Moon's age, ſhewn by the Index F, in the Circle of 


29% equal parts at the other end of the Bar. On the Axis of the 
Wheel L is put the piece D, below the Cock C, in which this Axis 
turns round; and in D are put the Pencils e and n, directly under 
the Earth E and Moon M; ſo that #1 is carried round e, as M is 
round E. 


e Months 
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Lay the Machine on an even Floor, preſſing gently on the Wheel 10s ute... 


Y, to cauſe it's ſpiked Feet (of which two appear at P and P, the 
third being ſuppoſed to be hid from fight by the Wheel) enter a little 
into the Fleer to ſecure the Wheel from turning. Then lay a 
paper about four feet long under the Pencils e and n, eroſs-wiſe to 


the Bar: which done, move the Bar flowly round the Axis g of the 


Wheel Y; and, as the Earth E goes round the 3un S, the Moon 
M will ge reund the Earth wich a duly propertiened velocity; and 


the friction Wheel I running on the Floor, will keep the Bar from | 


dearing teo heavily on the Feneils e and , which Will delineate - 
Paths of the Earth and Moon, as in Fig. 2d, already Heferibed at | 
& 266, 267, As the Index 'T points out the Days ef the Mo 
the Index F fhews the Maon's age an theſe Days, in the ef. er 
294. equal parts. And as this left Index cane . ihe different Days 
im it's Circle, che like numeral Figures may be ſet . to chofe . parts ef the 
Curves of che Earth's Path and Moon's, Where the Pencils e and 1 
are at thoſe times reſpectively, to thew the places of che Earth and 
Moon. If the Pencil e be-puſhed a very little off, as i ſrem the Penell 
m, to about part of 4heir-diftance, and che. Penell ” maT a 
moch towards. , to ibr1 them. tothe ſame WRanges a 

not to the ſame points — 9 qpace.; then, es „ goes bu 2 „ mn 
as it were round the Center of Gravity between the Earth e and Moen 


F 298: but this Motion will not ns alter the * of 15 


| Bar 's Path or 7 the Moon's. 


j 
| 
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| 3 - its uſe, - of the Sun and Moon, 5302. The other two of theſe ſmall Plates 
. 
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If Fl Pin, as p, be put through the Pencil m, with it's head towards 
that of the Pin.q in the Pencil e, it's. head will always' keep thereto 
as m goes round e, or as the ſame ſide of the Moon is {till obverted 
to the Earth. But the Pin P.. which may be conſidered as an equa- 
torial Diameter of the Moon, will turn. quite round the Point , 


making all d Angles with the Line of it's Pr Moon's or Line of the 


-Moon's Pat 18 is ay. r af the 

er Aire off w l vt | RE 25 WS A ad baun 4356 7 * 

os 10. 9151-6 bund 0% 1 bal od 280. 

The To- * * The a The outſide parts of this Machine conſiſt 
Der. of, 1. An eight-fided Box, on the top of which at the corners is 
PLATE IX. ſhewn, the Phaſes: of the Moon at the Ocants, Quarters, and Full. 
Fig. VIL. Within, theſe, is a Circle of 291 equal parts; which are the days of 
the :Movn's age accounted from the Sun at New Moon, round to 

oo. Sun again. Within, this Circle is one-of: 24 hours divided into 

their reſpective Halves and and Quarters. 2, A moving elliptical Plate, 

— blue, to repreſent: the riſing of the Tides under and oppoſite 

to the Moon; and has the words, High Water, Tide falling, Low 
Hater, Tige "rifng,. marked upon it. To one end of this Plate is 
A the Moon M b Vetfie Wire V, and goes along with it. 

3. Above this elliptical Plato! is 2. round one, with the Points of the 
Compaſs upon it, and alſo the names of above 200 places in the large 

Machine (but only 32 in the Figure, to avoid confuſion) ſet over 

hoſe, Roints on which, the Moon bears when ſhe raiſes the Tides to 

the greateſt heights at theſe Places twice in every lunar day: and 

to the, North and South Points "of this Plate are fixed two Indexes 

A a e .which. ſhew the, times of High Water, in the Hour-Circle, 

all theſe places, 4. Beiow che elliptical Plate are four ſmall Plates, 

— of which project out from below it's ends at New and F all 

Moon 3 and ſo, by lengthening the Ellipſe, ſhew the Spring Tides, 
which are then raiſed to the greateſt heights by the united attractions 


ee round 


pear at low water; when the Moon is in her Quadratures, or at 
— ſides of the elliptic Plate, to ſhew the Neap Tides ; the Sun 
and Moon, then acting croſs-wiſe to each other. When « ny two 
of theſe mall Plates appear, the other two are hid; and wi:en the 
Moon is in her Octants, they all diſappear, | there being neither 
Spring nor NP. Tides at thoſe times. Within the Box are a 
n for ee theſe Motions wy, .the Handle or 
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Turn the Handle until the Moon M comes to any given day of 
Her age in the Circle of 29+ equal parts, and the Moon's Wire | 
will cut the time of her coming to the Meridian on that day, in the - 1 
Hour-Circle ; the XII under the Sun being Mid-day, and the oppoſite | is 
XII Mid-night: then looking for the name of any given place on | | | 

| 


the round Plate (which makes 294 rotations whilſt the Moon M 
makes only one revolution from the Sun to the Sun again) turn the 
Handle till hat place comes to the word High Water under the 
Moon, and the Index which falls among the Forenoon Hours will 
ſhew the time of High Water at that place in the Forenoon of the 
given day: then turn the Plate half round, till the ſame place comes 
to the oppoſite High-Water Mark, and the Index will ſhew the 
time of High Water in the Afternoon at that place. And thus, as 
All the different places come ſucceſſively under and oppoſite to the 
Moon, the Indexes ſhew the times of High Water at them in both 
arts of the day: and when the ſame places come to the Low- 
ater Marks, the Indexes ſhew the times of Low Water. For 
about three days before and after the times of New and Full. Moon, 
the two ſmall Plates come out a little way from below the High- 
Water Marks on the elliptical Plate, to ſhew that the Tides riſe ſtill 
higher about theſe times: and about the Quarters, the other two Plates 
.come out a little from under the Low-Water Marks towards the Sun 
and on the oppoſite ſide, ſhewing that the Tides of Flood riſe not then 
fo high, nor do the Tides of Ebb fall ſo low, as at other times. 
By pulling the Handle a little way outward, it is diſengaged from 
the ck, and then the upper Plate may be turned round 
quickly by hand ſo, as the Moon may be brought to any given day of 
her age in about a quarter of a minute: and by puſhing in the Handle, 
It takes hold of the Wheel-work again. 8 | 
On 4A B, the Axis of the Handle H, is an endleſs Screw C, which The infide 
turns the Wheel FED of 24 teeth round in 24 revolutions of the ga. 
Handle: this Wheel turns another ONG of 48 teeth, and on it's * 
Axis is the Pinion P 9 of four leaves, which turns the Wheel L K TeLATE Ix. 
of 59 ceeth round in 29+ turnings or rotations of the Wheel FED, Fig. VIII. 
or in 708 revolutions of the Handle, which is the number of Hours - 
in a ſynodical revolution of the Moon. The round Plate with the 
names of Places upon it is fixed on the Axis of the Wheel FE D; 
and the Elliptical or Tide-Plate with the Moog, fixed to it is upon 
the Axis of the Wheel L KI; conſequently, the former makes 29+ 
_ "revolutions in the time that the latter makes one. The whole Wheel 
FED, with the endleſs Screw C, and dotted part of the Axis of the 
5 | Q 4 : | Handle 
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Handle AB, together with the dotted part of the Wheel O N G, lie 
hid below the large Wheel LK J. V 
Fig. IX th repreſents the under fide of the Elliptical or Tide- Plate 
abies with the four ſmall Plates ABCD, EFGH, IKLM, NO 
upon it: each of which has two ſlits, as TT, SS, RR, UU, fliding 
on two Pins, as ; u, fixed in the elliptical Plate. In the four ſmall 
Plates are fixed four Pins at V, X, J, and Z; all of which work 
in an elliptic Groove oo on the cover of the Box below the elliptical 
Plate ; the longeſt Axis of this Groove being in a right line with the 
Sun and Full Moon. Conſequently, when the Moon is in Conjunc- 
tion or Oppoſition, the Pins F and & thruſt out the Plates ABCD 
and IK LM a little beyond the ends of the elliptic Plate at 4 and 6, 
to F and e; whilſt the Pins Fand Z draw in the Plates EFGH 
and NOPY quite under the elliptic Plate to g and 3. But, when 
the Moon comes to her firſt or third Quarter, the elliptic Plate lies 
acroſs the fixed elliptic Groove in which the Pins work; and there- 
fore the end Plates AB CD and IRL Mare drawn in below the great 
Plate, and the other two Plates E FG Hand NO PA are ff newt 
beyond it to a and c. When the Moon is in her Octants, the Pins 
V, X, T. Z are in the parts o, o, o, o of the elliptic Groove, which 
parts are at a mean between the greateſt and leaſt diſtances from the 
Center g, and then all the four ſmall Plates diſappear below the 
great one. * Ln 5 | 


TIM 


The Ectzy- 405. The EcIirs AR EON. This Piece of Mechaniſm exhibits the 
„ron. Time, Quantity, Duration, and Progreſs of ſolar Eclipſes, at all Parts 
PL. XII. of the Earth. | e 

The principal parts of this Machine are, 1. A terreſtrial Globe 4 
turned round it's Axis B by the Handle or Winch M; the Axis B 
inclines 23+ Degrees, and has an Index which goes round the Hour- 
Circle D in each rotation of the Globe. 2. A circular Plate E, on 
the Limb of which the Months and Days of the year are inſerted. 
This Plate ſupports the Globe, and gives it's Axis the ſame poſition 

to the Sun, or to a Candle properly placed, that the Earth's Axis has 

to the Sun upon any day of the year, § 338, by turning the Plate 
till the given Day of the Month comes to the fixed Pointer, or AnnuaF- 
Index G. 3. A crooked Wire F, which points toward the middle 
of the Earth's enlightened Diſc at all times, and ſhews to what place 
of the Earth the Sun is vertical at any given time. 4. A Penumbra, 
or thin circular Plate of braſs 7 divided into 12 Digits by 12 con- 
centric Circles, which repreſent a Section of the Moon's — 

| | 55 
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and is propertioned to the ſize of the Globe; ſo that the ſhadow of 


this Plate, formed by the Sun, or a Candle placed at a convenient 


diſtance, with it's Rays tranſmitted through a convex Lens to make 
them fall parallel on the Globe, covers exactly all thoſe places upon 
it that, the Moon's Shadow and Penumbra do on the Earth: fo that 
the Phenomena of any ſolar Eclipſe may be ſhewn by this Machine 


with Candle-light almoſt as well as by the light of the Sun. 5. An 
- upright frame HHH H, on the ſides of which are Scales of the Moon's | 


Latitude or Declination from the Ecliptic. To theſe Scales are fitted 
two Sliders K and X, with Indexes for adjuſting the Penumbra's 
Center to the Moon's Latitude, as it is North or South Aſcending or 
| Deſcending. 6. A ſolar Horizon C, dividing the enlightened Hemi- 
ſphere of the Globe from that which is in the dark at any given 
time, and ſhewing at what places the general Eclipſe begins and 
ends with the riſing or ſetting Sun. 7. A Handle M, which turns the 
Globe round it's Axis by wheel-work, and at the ſame time moves the 
Penumbra acroſs the frame by threads over the Pulleys L, L, L, 


with a velocity duly proportioned to that of the Moon's ſhadow over 


the Earth, as the Earth turns on it's Axis. And as the Moon's Motion 
is quicker or ſlower, according to her different diſtances from the Earth, 
the penumbral Motion is eaſily regulated in the Machine by changing 
one of the Pulleys. 
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To refify the Machine for uſe. The true time of New Moon and ro re&ify it. 


her Latitude being known by the foregoing Precepts, & 353, et /eg. 
if her Latitude her- the 3 of dene FEEL on Jy: 
Scales (which are on the fide of the frame hid from view in the 
Figure of the Machine) there can be no Eclipſe of the Sun at that 
Conjunction; but if it does not, the Sun will be eclipſed to ſome 
places of the Earth ; and, to ſhew the times and various appearances 
of the Eclipſe at thoſe places, proceed in order as follows. 

To rectiſy the Machine for perferming by the Light of the Sun. 1. Move 
the Sliders K K till their Indexes point to the Moon's Latitude on the 
Scales, as it is North or South Aſcending or Deſcending, at that 
time. 2. Turn the Month-Plate E till the day of the given New 
Moon comes to the Annual-Index G. 3. Unſcrew the Collar N a 
little on the Axis of the. Handle, to looſen the contiguous Socket 
on which the threads that move the Penumbra are wound; and ſet 
the Penumbra by Hand till it's Center comes to the perpendicular 
thread in the middle of the frame ; which thread repreſents the 
Axis of the Ecliptic. 4. Turn the Handle till the Meridian of 
London on the Globe comes juſt under the point of the crooked 


Qq 2 8 Wire 


It's uſe. 
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Wire F ; then ſtop, and turn the Hour-Circle D by Hand till XII 


at Noon comes to it's Index, and ſet the Penumbra's middle to the 


thread. 5. Turn the Handle till the Hour-Index points to the time of 


New Moon in the Circle D; and holding it there, ſcrew faſt the 
Collar N. Laſtly, elevate the Machine til! the Sun ſhines through 


the Sight-Holes in the ſmall upright Plates O, O on the Pedeſtal ; and 
the whole Machine will be re&tified. 85 ; 


To rectiſy the Machine for ſhewing by Candle-light. Proceed in every 


reſpect as above, except in that part of the laſt paragraph where the 


Sun is mentioned; inſtead of which place a Candle before the Machine 

about four yards from it, fo as the ſhadow of Interſection of the croſs 
threads in the middle of the frame may fall preciſely on that part of 
the Globe to which the crooked Wire F points: then, with a pair of 
Compaſſes, take the diſtance between the Penumbra's Center and In- 
terſection of the threads; and equal to that diftance ſet the Candle 
higher or lower, as the Penumbra's Center i above or below the ſaid 
Interſection. Laſtly, place a large convex Lens between the Machine 


and Candle, fo as the Candle may be in the Focus of the Lens, and 


then the Rays will fall parallel, and caſt a ſtrong light on the Globe. 
| Theſe things done, which may be ſooner than expreſſed, turn the 
Handle backward, until the Penumbra almoſt touches the ſide H F 


of the frame; then turning it gradually forward, obſerve the follow - 


ing Phenomena. 1. Where the eaſtern edge of the Shadow of the 
penumbral Plate I firſt touches the Globe at the ſolar 1 
Ji 


who inhabit the correſponding part of the Earth fee the 


begin on the uppermoſt edge of the Sun, juſt at the time of it's 
riſing. 2. In that place where the Penumbra's Center firft touches the 
Globe, the inhabitants have the Sun riſing upon them central 

eclipſed. 3. When the whole Penumbra juſt falls upon the Globe, it's 
weſtern edge at the ſolar Horizon touches and leaves the place 


where the Eclipſe ends at Sun-riſe on his lowermoſt edge. Con- 


tinue turning, and, 4. the croſs lines in the Center of the Penumbra 
will go over all thoſe places on the Globe where the Sun is cen- 
trally eclipſed. 5. When the eaftern edge of the Shadow touches 
any place of the Globe, the Eclipſe begins there; when the vertical 
line in the Penumbra comes 'to any place, then is the greateſt ob- 


ſcuration at that place; and when the weſtern edge of the Penumbra 


leaves the place, the Eclipſe ends there ; the times of all which are 


| ſhewn on the Hour-Circle ; and from the beginning to the end, 
the Shadows of the concentric penumbral Circles ſhew the number 


of Digits eclipſed at all the intermediate times. 6. When the eaſtern 
4 | ax „ — "ape 


De Eclirs AR EON deſcribed. 


edge of the Penumbra leaves the Globe at the ſolar Horizon C, 
the inhabitants ſee the Sun beginning to be eclipſed on his lower- 
moſt edge at it's ſetting. 7. Where the Penumbra's Center leaves the 
Globe, the inhabitants ſee the Sun ſet centrally eclipſed. And laſtly, 
where the Penumbra is wholly departing from the Globe, the inha- 
bitants ſee the Eclipſe ending on the uppermoſt part of the Sun's edge, 
at the time of it's diſappearing in the Horizon. 


N. B. If any given day of the year on the Plate E be ſet to the 
Annual-Index G, and the Handle turned till the Meridian of any place 
comes under the point of the crooked Wire, and then the Hour- 
Circle D ſet by the hand till XII comes to it's Index ; in turning the 
Globe round by the Handle, when the ſaid place touches the eaſtern 
edge of the Hoop or ſolar Horizon C, the Index ſhews the time of 
Sun-ſetting at that place z and when the place is juſt coming out from 
below the other edge of the Hoop C, the Index ſhews the time when 
the evening Twilight ends to it. When the place has gone through 


the dark part A, and comes about fo to touch under the back of the 


Hoop C on the other fide, the Index ſhews the time when the Morn- 
ing Twilight begins ; and when the ſame place is juſt coming out from 
below the edge of the Hoop next the frame, the Index points out 
the time of Sun- riſing. And thus, the times of Sun-riſing and ſetting 


are ſhewn at all places in one rotation of the Globe, for any given day 
of the year : and the point of the crooked Wire F ſhews all the places 


over which the Sun paſſes vertically on that day. 
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A 


PLAIN METHOD 


The 83 CES s of al the Planets 
from the SUN, 


BY THE 


| Trankit of VENUS over the SUN's Disc, 
in the Year 1761. 


70 which is ſubjoined, 


An Account of Mr. HORROX's Obſervations of 
the Tranſit of Vxx us in the Year 9 


AND ALSO, 


Of the DisTANCEs of all the PLAN ETS. from the SUN, as 
deduced from OBSERVATIONS of the TRANSIT in 


the Year 1761. 
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* I E * e tranſit i Venus. over the Sun * 
os BP engaged the attention. of Aſtronomers, as it is a 
Phenomenon ſeldom ſeen, and as the paraltaxes of the 
Sun and planets, and their es from one another, 


| "may be found with greater accuracy Dy ths, than by any other method 


known. 

5 75 The parallax of the. Sun, Moon, or any planet, is the Uiftarich. 

it's true and apparent place in the heaven. The true place of 
1 to the ſtarry heaven, is that in which it : 

would appear if ſeen from the center of the Earth; the apparent place, 
t in . appears as ſeen from the Earth's ſurface, * © 
ain this, let A E D H be the Earth (Fig. 1. 'of Plate: AVI 
Cit's —_ „ M the Moon; and Z XR, an aro of the ſtatty Heaven. 
To an obſerver at C Caen g the Earth to be tranſparent) the Moon 


A will appear at! 4 n ber true Place ae .to che ſtarry 
be. * | The whole of this Diſſertation was publiſhes in the beginning of the year 1 65, 
efo1 > the time of the Tranſit, N de 7th and 8th Artieles, ag of eee: | 
Ae eee $97 ee ee ee el K cee l 
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Sroaalent : but at the ſame inſtant, to an obſerver at A ſhe will ap- 


pear at u, below her true place as among the ftars., The angle 4A AH 


is called the Moon's parallax, and is equal to the oppoſite angle U u, 


whoſe meaſure is the celeſtial arc Ua. The whole Earth is but a point 


if compared with it's diſtance from the fixed ſtars, and therefore we 
conſider the ſtars as having no parallax at all. 
3. The nearer the object is to the horizon, the greater is it's 
rallax ; the nearer it is to the zenith, the leſs. In the horizon it 


is greateſt of all, in the zenith it is nothing. —Thus let A Lt be the 


ſenſible horizon of an obſerver at 4; to him the Moon at L is in the 


horizon, and her parallax is the angle 4 LC, under which the Earth's 


ſemidiameter 4 C appears as ſeen from her. This angle is called the 
Moon's horizontal parallax, and is equal to the oppoſite angle T Lr, 
whoſe meaſure is the arc Tt in the ſtarry 8 As the Moon riſes 
higher and higher to the points M. N, O, P in her diurnal courſe, 
the parallactic * UMu, X Nx, Y 0 y diminiſh, and ſo do the 
_ 5 Xx, which are their meaſures, until the Moon comes 
and then of 2 appears in the zenith Z without any parallax, her 
— ; kr the ſame as ſeen from A on the Earth' s ſurface, and from 


C it's center. 


4. H the edſorver at A could take the trae mmeafare or quantity of 
the parallactic angle A L C, he might thereby find the Moon's diſtance 
from the center of the Earth. For then, in the plain triangle LA C, 
the fide A C. which is the . Earth's ſemidiameter, the angle ALC, 


which is the Moon's horizontal parallax, and the right — CAL, 


IVE. Therefore, by trigonometry, As the tangent of 
| Ic angle ALC is to radius; fo is the Earth's ſemidiameter 
175 to the Moon's diſtance C L from the Earth s center C. But be- 


cauſe we eonſider the Earth's ſemidiameter as unity, and the logarithm 


ef unity is nothing, ſubtract the logarithmic tan of the angle 
A from radius, #57 the romatader will be the ogarithm of CL, 


whaſe number is equal to the number of ſemidjameters of the Earth 
by which the Moon is diſtant from the Earth's center, —Thus fa; 
poking the angle AL. C of the Moon's horizontal paratlax to be 57 18“. 


Fram che radius — — — W oapegca |. 
- Subtract the tangent vf 57 * — 8. 2219207 > 


ne 


And there will remain 7758 793 5 5 


the logarithm of 59.9955, its number of ſemidiameters of the 


Earth which. are equal to the Moon's. diſtance from the Earth's center. 


Then, 59.9955 r ines by 3985, the number of dil 


" 


of the Planets fr om the Sun. 


contained in the Earth's ſemidiameter, will give 239,082 miles. for 
the Moon's diſtance from the center of the Earth:  __ 
F;. But the true quantity of the Moon's horizontal parallax cannot be 
accurately determined by obſerving the Moon in the horizon, on account 
of the inconſtancy of the horizontal refractions, which always vary ac- 
cording to the ſtate of the atmoſphere ; and, at a mean rate, elevate the 
Moon's apparent place near the horizon half as much more than as 
her parallax depreſſeth it. And therefore, to have her parallax more 
accurate, Aſtronomers have thought of the following method, which 
ſeems to be a very good one, but hath not yet been put in practice. 
Let two obſervers be placed under the ſame ' meridian, one in the 


northern hemiſphere, and the other in the ſouthern, at ſuch a diſtance 


from each other, that the ad of the celeſtial meridian included be- 
tween their two zeniths may be at leaſt 80 or go degrees. Let cach 
| Obſerver take the diſtance of the Moon's center from his zenith, by 
means of an exceeding good inſtrument, at the moment of her | 
the meridian : add theſe two zenith-diſtances of the Moan together, 
and their exceſs above the diſtance between the two zeniths will be the 
diſtance between the two apparent places of the Moon. Then, as the 
ſum of the natural fines of the two zenith-diſtances of the Moon is to 
radius, ſo is the diftance between her two apparent places to her hori- 
zontal parallax 2: which being found, her diſtance from the Earth's 
center may be found by the analogy mentioned in gH 4. 
Thus, in Fig. 2. let E C Abe the Earth, M the Moon, and Z4 az 
an arc of the celeſtial meridian. Let be Vienna. whoſe latitude 
EY is 48* 20 north; and C the Cape of Good Hape, whoſe latitude 
ECis 34* 30 ſouth: both which latitudes we ſuppoſe to be accurately 
determined before-hand by the obſervers. As theſe two places are 
on the fame meridian 1 E Cs, and in different hemiſpheres, the ſum 
of their latitudes 82 50 is their diſtance from each other. E is the 
zenith of Vie, and ⁊ the zenith of the Cape of Good Hope ; which two 
geniths are alſo 82* 50“ diſtant from each other, in the common celeſtial 
metidian Zz. To the obſerver at Vienna, the Moon's center will ap- 
Pear at & in the celeftial meridian ; and at the ſame inſtant, to the ob- 
ſerver at the Cape, it will appear at 6. Now ſuppoſe the Moon's diſtance 
Z a from the zenith of Vienna to be 38 1 53; and her diſtance 2 6 from 
che zenith of the Cape of Good to be 46* 4 41”: the ſum of theſe 
two zenith-diſtances {Za ＋ 23) is 84 6 34, from which ſubtract 
82* 50”, the diſtance Z æ between the zeniths of theſe two places, and 
there will remain 1* 16' 34 for the arc 5̊ a, or diſtance between the two 
apparent places of the Moon's . ſeen from F and ow. C. 
8 | 1 Tue, 
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Then, ſu e the tabular radius to be 10000000, the natural fine of 


3281 eg the arc Z a) is 6160816, and the natural ſine of 46* 4 41” 
(the arc 2 C is 7202821 : the ſum of both theſe ſines is 13363637. 
Say therefore, As 13363637 is to 10000000, ſo is 1* 16' 34 , to 


| 57 18”, which is the Moon's horizontal parallax. 


If the two Places of obſervation be not exactly nr the ſame 

meridian, their difference of longitude muſt be accurately taken, that 

roper allowance may be made for the Moon's declination whilft the is 

ing from the meridian of the one to the meridian of the other, s 

6. The Earth's diameter, as ſeen from the Moon, ſubtends an angle 

— 3 the Moon's horizontal parallax; which being ſupoſed (as aboye) 
7 18", or 3438", the Earth's diameter muſt be 1* 54 36", or 


: 687 58 When the Moon's horizontal parallax (which is variable on 
RAR of the excentrioity of her orbit) is 57' 18”, her diameter ſub- 


tends an angle 31“ 2”, or 1862”: therefore, the Earth's diameter 1 in to 

tHe Moon's iameter, as 6876 is to 1862 that is, as 3.69 is to . 
And ſince the relative bulks of ſpherical bodies are as the bes 

of their diameters, the Earth' s bulk is to the Moon' 8 bulk, as 49-4 

Is to 1. 

wal The parallax, and conſequently ahe Jiu and bulk, of any | 

primary planet, might be found in the above manner, if the planet was 


near enough to the Earth, fo as to make the difference of it's two ap- 
parent places ſufficiently ſenſible : but the · neareſt planet is too remote 
for the accuracy required. In order therefore to determine the diſtances 


and relative polls of the planets with any tolerable degree of preciſion, 
ve muſt have recburſe to a method leſs liable to error t and this, the 
approaching {tranſit of Venus over the Sun's diſc will afford us. DS 
8. 'From' the time of any inferior conjunction of the Sun and Venus 
to the next, is 583 days 22 hours 7 minutes. And, if the plane of 
Venus's orbit were incident with the plane of the ecliptic; ſhe would 


pa directly between the Earth and the Sun at each inferior conjunction, 
and would then appear like a dark round ſpot on the Sun for about 


7 hours and 3 quarters. But Venus's orbit (ſike the Moon's) only in- 
rerſeQs che ecliptie in two oppofite- points, called it's Nodes. And 
therefore one half of it is on the north fide of the ecliptic, and the other 
on the ſouth: on which account, Venus can never be {een on the Sun, 


but at thoſe inferior conjunRions which happen in or near the nodes of 
her orbit. At all the other conjunQions,- ſhe. either paſſes above or 


below the Sun; and her dark fide! being then towards the Earth, ſhe is 
therefore inviſtbie.—The laſt time that this planet was ſern like a ſpot on 


| the son, corel animes Old Stile, an the yeart'1 639- -— 


ARTICLE 


% 


30 ſeconds for the tim 
the Sun at S is pan as ſeen from 4 chan as ſeen' from B: Which 
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ARTICLE» 


e how: to find the horizontal parallax of Venus 47 
obſervation, and from thence, by analogy, the parallax 
and difance of the Sis; and. 95 all the Planets W 


him. 


9. In pig 4 ; of Plate XIV. let 43 D be the Earth, F Venus, 


| wo: - TSR 8 deen limb of the Sun. To an a at B, the 


you t of that limb will be on the meridian, it's place referred to the 
ven will be at E, and Venus will appear juſt within jit at 8. But, 


at the ſame inſtant, to an obſerver at A, Venus is eaſt of the Sun, in 
the right line AFP; the point 7 of: the Sun's limb appears at e in the 


heaven, and if Venus was then viſible, ſhe would appear at F. The 
angle A is the horizontal patallax of Venus, which we ſeek.; and 
is equal to the oppoſite angle FVE,':whoſe meaſure is the are FE. 
ASC is the Sun's horizontal parallax, equal to the oppoſite angle:e'S E, 


whoſe meaſure is the arc e E: and FA e (the ſame as VA v) is Venus's 
horizontal parallax from the Sun, which may be found by obſerving 


how much later in abſolute time her total ingreſs on the Sun is, as ſeen 
from A, than as ſeen from B, which is the. time the takes . n 


8 from V to v in her orbit O FV. Fa 03-35 Der vo of 1 E 
10. It appears by the tables of Venus's motion and the Sun! 1 that 


at the time of her enſuing tranfit, ſhe will move 4 of a degree on the 
Sun's diſe in 60 minutes of time; and therefore ſhe will move 4 elle 


n of tihe so WI tp 505 sd lim (s 5 112 | 
No, let us ſuppoſe, that. A is g0* weſt of B. ſo that when it b 


noon at B, it will be VI in the morning at A; that the total ingreſs as 
ſeen from B is at 1 minute paſt XII, but that as ſeen from A it is 
at 7 minutes 30 ſeconds paſt VI: deduct 6- hours for the difference 
of meridians of A and 1 and the remainder will be 6 minutes 
e by which the total ingreſs of Venus on 


time being converted into parts, of a; degree: is 26“, or. the are Fe 
of Venus s horizontal parallax from the Sun: for, a8 1 minute of 


time is to 4 ſeconds of a degree, 0.5 is 6 minutes of time to 26 


ſeconds of a degree. 55 W, ene ee 
11. The times in which the planets pe zerform their annual fe volu- 
"dns about the Sun, are . known by y obſervation From theſe 


- | times, 
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times, and the univerſal power of gravity by which the planets. are 
retained in their orbits, it is Aemonſtrable, if the Earth's mean 
diſtance from the Sun be divided into 100000 equal parts, Mercury's 
mean diſtance fror the Sun muſt be equal to 38710 of theſe parts 
Venus's mean En P . 8 22333 3—Mars' a han diſ- 
tance, 1 9—. iter's,, 530895 —a aturn's, OO ere- 
fore, 95 r of 8. contained in the: Aten diſtaner of 
any planet "an the Sun is known, we can, by theſe proportions, find 
| the mean diſtance in miles of all the reſt. 
12. At the time of the enſüing tranſit, the Eatth's diſtance from the 

Sun will be 1015 (the mean diſtance being here conſidered: as 1000) 
and Venus diſtance from che Sun will be 526 (the mean diſtance 

being confidered as 723) which differences from the mean diſtances 

_ ariſe-from the elliptical figure of the planets orbits. Subtract 726 parts 
from 1015 and there. will remain nap Venus's diſtance an ; 
the Earth: at that time. n 

13. Now, fince-the: ;hoilzootal. parallares of the planets ure *; in- 
4 vicky as their diſtances fromthe Earth's: center, it is plain, that as 
Venus will be between che Earth and the dun on the day of her tranſit, 
and conſequently- her parallax will be then greater than the -Sun's, if 
Her horizontal parallax can. be then aſcertained by obſervation, the 
Sun's horizontal parallax: may be found, and conſequently his diſtance 
from the Earth. Thus, —_— Venits's horizontal parallax ſhould 
be found to. be 36". 3480; then, As the (Sun's: diſtance- 1015 ãs 0 
Venus's diſtance 28g, $i Venus's horizontal parallax 360.3 480 to the 
n 3493 on the day of her tranſit. And che 
difference of theſe: ewo vin. 25 9987 : (which may be 
eſteemed 26”) will de quantity of Venus s horizontal parallax 
from the Sun; which is che of che ickments for -prcjeQing or delineat- 
ing ber tunit wer the Sun's diſc, as will appear further on. 

To ſind the Sun's horizontal patallax at the time of his mean diſtance | 
den tho Barth Tones, the Sun's mean diſtance from 


_ mne ahis; trt'6: be ghe Sun 3 4B the Earth, 0 it's . 
and AC it's ſemidiameter. is the horizontal ;parallax of Venus, * 
ASC the horizontal par: 1 Gf a So "But b by the property of plain' triangles, as 
the fine of 4 YC ___ Airs ſuppliment to 18 Yis to the ine of ASL, fv is 18 10 
HY; —— egy "af 8. — Cy nr ay the fines, 
tangents, and ares, are at may without error be uſed for one ano- 
ther. And here we make uſe 20 ardiner's n tables, becauſe ** have the U 
* to every ſecond of a degree. 7p 


<= > -& + — 


„ of the Planets from the Sun. 
the Earth's center, is to 1015, his diſtance therefrom on the day of 
the tranſit, ſo is 100.3493, his horizontal parallax: on that day; 


100. 504 5, his horizontal panilat at "he" time of * mean di ance 


| 92 the Earth's center. 

4. The Sun's parallax being (thus, or any e way ſuppoſed to 
be) Tound, at the time of his mean diſtance from the Earth, we may 
| find his true diftance therefrom, in ſemidiameters of the Earth, by 
the followin . analogy, As the {ine (or tangent of ſo ſmall an aro as 
that) of the Sun's parallax 10“. 045 is to rad as, fo is unity or the 
Earth's ſemidiameter to the number 'of ſemidiameters of the Earth 
that the Sun is diftant from it's center, which number, being multi- 


plied by 3985, the number of miles contained in the Earth's ſemi- 
diameter, 


„ will give the number of miles oh which the Sun is diſtant 
from the Earth's center. 
Then, by F121, As 100000, the Barth's mean diftance from the 
Sun in parts, is to 387 10, Mercury's mean diſtance from the Sun in 
Fo is the Barth's s mean diſtance from the Sun in miles to Mer- 
eury's mean diſtance from the Sun in miles —And, + f 
he | F00000-is to 72333, ſo is the Earth's mean diftance for the 
gun in miles to Venus's mean diſtanee from the Sun in miles. — Like wiſe, 
As 100000 is to 152369, fo is the Earth's mean diſtance from che 
Sun in miles to Mars's mean diſtanee from the Sun in mites.— Again, 


As 100000 is to 520096, ſo is the Earth's mean diſtance from the 


son in miles to Fupiter's mean diſtance from the Sun in miles. 2 
As 10 is to 954006; ſo is the Earth's mean diſtance from 
Sun in miles to-Saturr's mean diſtanee from the Sun in miles. 

And thus, by having found the diſtance of any one of the planets 
from the San, we have ſufficient data for finding the diſtances of all. 
the reſt. And then, from. their apparent Saakecvrn at theſe known 
diane: their real diameters and butks may be found. , 

15. The Earth's diameter, as ſeen from the Sun, fubtends an 2 
of double due n's horizontal parallax, at the, time of the Earth's 


mean diftance from the Sun : and the Sun's diameter, as ſeen from 


the Earth at that time, ſabtends an angle of 32 2", or 1922”. 
Therefore, the Sun's diameter is to the Earth's diameter, as 1922 is 
to 21.—And fince the relative bulk of ſpherical bodies are as the cubes 


of their diameters, the Sun's bulk is te the Earth's bulk, as 756058 


is to 1; ſuppoſing the Sun's mean horizontal parallax to be 100%. 50, 

as above. | 
16. It is plain by Fig. 4. that whether Venus be gt U os at V. ar 
in any other part of the right line BY S, it will make no difference t — 
| 3 — 
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the time of her total ingreſs on the Sun at S. as ſeen from B; but as ſeen 
from A it will. For, if Venus be at V, her horizontal parallax from 


the Sun is the are Fe, which meaſures the angle FAe: but if ſhe be 


nearer the Earth, as at U, her horizontal parallax from the Sun is the 

arc Fe, which meaſures the angle Ae; and this angle is greater than 

the angle Ae, by the difference of their; meaſures F. So that, as 

the diſtance of the celeſtial dect from the Earth | is leſs, "It's parallax. is 
woot of +1} cf 

17. o find the cardia af Venus. by the a method, it is 3 


| fary, - I, "That the difference of ,meridians of the two places of obſerva 


tion be g90*,—2. That the time of Venus's total ingreſs; on the Sun be 
when his eaſtern limb is either on the meridian of one of the places, or 
very near it, —And, 3. That each obſerver has his clock exactly regu- 


| lated to the equal time at his place. But as it might perhaps be difficult 


to find two places on the Earth ſuited to the firſt and ſecond of theſe 
requiſites, we ſhall ſhew how this important problem may be ſolved by 
a ſingle obſerver, if he be exact as to his longitude, apd has his clock 
truly adjuſted to the equal time at his place: 

18. That part of Venus's orbit in which ſhe _ wave ine = "2a 


tranſit on the Sun, may be conſidered as a ſtraight-line; and therefore, 


a plane may be conceived. to paſs both through it-and the Earth's center. 
To every place on the Earth's furface'cut by this plane, Venus will be 


ſeen on the Sun in the fame path that ſhe would deſcribe as ſeen from 


the Earth s center: and therefore, ſhe will have no De latitude; 
either, north or ſouth; but will haye a greater or leis parallax of longi- 
tude, as ſhe is more ot leſs, dite from the maridnag, at any time 


Garing her tranſit. 


Matura, a town and fort on the ſouth coaſt of the iſland of Ceylon, 
will be i in this plane at the time of Venus's total ingreſs on the Sun; 
and the Sun will then be 62 eaſt of the meridian of that place. 
Conſequently, to an obſerver. at Matura, Venus will have a conſidera- 


ble parallax of longi — eaſtward from the Sun, when ſhe would 


appear to touch the Sun's eaſtern limb, as ſeen from the Earth's center, 


| atwhich the Aſtronomical tables ſuppoſe the obſerver to be placed, and 


give the times as ſeen from thence... ,: _ - 
19. According to theſe tables, Venus 8. total elt on n the Sun will 
be 5o minutes a ter VII in the morning, at Matura * + -luppoling that. 


* The time of total ingreſs: at 3 as ſeen from the Earth's center, i js at 30 minutes | 


after II in the morning; and if Matura be juſt 80“ (or 5 hours 20 minutes) eaſt of 


| London, when it is mm minutes * in 8 W at 1 it is Wen outer 
at ee 2 2 i 5 
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place to be 8o* eaſt longitude from the meridian of London; which is 


the obſerver's buſineſs to determine. Let us imagine that he finds it 
to be exactly ſo, but that to him the total ingreſs is at VII hours 
55 minutes 46 ſeconds, which is 5 minutes 46 ſeconds later than the 


true calculated time of total ingreſs, as ſeen from the Earth's center. 


Then, as Venus's motion on (or towards, or from) the Sum is at the 


rate of 4 minutes of a degree in an hour (by 10.) her motion muſt 


be 230. 1 of a degree in 5 minutes 46 ſeconds of time: and this 23“. 1 is 


her parallax eaſtward, from her total ingreſs as ſeen from Matura, when | 


her ingreſ* would be total if ſeen from the Earth's center. 
20. At VII hours 50 minutes in the morning, the Sun is 62. from 


the meridian ; at VI in the morning he is 9o* from it: therefore, as the 


ſine of 62 f is to the ſine of 23“. 1 (which is Venus's parallax from her 
true place on the Sun at VII hours-50 minutes) fo is radius, or the fine of 


go", to the fine of 26", which is Venus's horizontal parallax from the 


| Sun at VI. In logarithms thus: 


As the logarithmic fine of 62* 30 3 "0 9. 9479289 
Is to the logarithmic ſine of 234... 6.04815 10 
do is the logarithmic radius = - - = = 10.9000000 


——— 
— 


| © o the logarithmic fine of 26” very nearly - 6. 1002221 


Divide the Sun's diſtance from the Earth, 101 5, by his diſtance from 


Venus 726 ($ 12.) and the quotient will be 1.3980 ; which being 


multiplied by Venus's horizontal parallax from the Sun 26”, will give 


36".3480 for her horizontal parallax as ſeen from the Earth at that 
time. — Then (by F 13.) As the Sun's diſtance 1015 is to Venus's 


diſtance 289, fo is Venus's horizontal parallax 36“. 3480 to the Sun's 
horizontal parallax 100. 3493.— f Venus's horizontal parallax from the 
Sun is found by obſervation to be greater or leſs than 260, the Sun's hori- 


zontal parallax muſt be greater or leſs than 100.3493 accordingly. 


21. And thus, by a ſingle obſervation, the parallax of Venus, and 
conſequently the parallax of the Sun, might be found, if we were 
ſure that the Aſtronomical tables were quite correct as to the time of 
Venus's total ingreſs on the Sun.—But although the tables may be 
fafely depended upon for ſhewing the true duration of the tranſit, 
which will not be quite 6 hours from the time of Venus's total ingreſs - 
on the, Sun's eaſtern limb, to the beginning of her egreſs from his 


weſtern ; yet they may perhaps not give the true times of theſe two 


internal contacts: like a good common clock, which though it may be 
Ri Fo 2 __- truſted 


313 


314 


The Mathed of finding the Diſtances 


truſted to for meaſuring a few hours of time, yet perhaps it my not 


be quite adjuſted to the meridian of the place, and confequently not 
true as to any one hour; which every one knows is generally the 
cafe. Therefore, to make ſure work, the obferver ought to watch 
both 'the moment of Venus's total ingreſs on the Sun, and her be- 


7 oe Sets of egreſs from him, fo as to note precitely the time between 


inſtants, by means of a good clock: and by comparing the 
interval at his place with the true calculated interval as deen from the 
Earth's center, which will be 5 hours 58 minutes, he find the 
E of Venus from che Sun both at her total ingreſvand ginning 

. Theramnner of obſerving the tranßt ſhould be as follows.—The 


dure being ptovided with a good teleſcope, and a pendulum clock 
well adjuſted to the mean diurnal revolution of the Sun, and as near to 


the time at his place as convenientiy may be; and having an aſſiſtant to 


watch the clock at the proper times, he muſt begin to obſerve the Sun's 


eaſtern limb through his teleſcope, twenty minutes at leaſt before the 


computed time of -Venus's-total ingreſs upon it, left there ſhould be 
an error in the time thereof as given by the tables. 


When he perceives a dent (as it were) to be made! in che gun s limb 


by the interpoſition of the dark body of Venus, he muſt then continue 


to watch her through the teleſcope the dent increaſes; and His affiſtant 


- - muſt watch the time ſhewn by the clock, till the whole body of the 
| Per 57pp s juſt within the Sun's limb: and the moment the 
right ti 


of the Sun appeats cloſe by che eaft fide of the dark limb 
of the planet, the obſerver, having a little hammer in his hand, is to 


ſtrike a blow therewith on the table or wall; the moment of which, 


the obſervers aſſiſtant notes by the clock, and writes it down, 

Then, let the planet paſs on for about 2 houts 5 9 minutes, in 0 
time it will de got to the middle of it's apparent path on che Sun, and 
conſequently will then be at it's leaft apparent diſtanee frem the Sun's 
center ; at which time, the obſerver muſt take it's diſtance from the 
Sun's center, by means of a good micrometer, in order to aſcertain-it's 


true latitude or declination from the ons Toons n er find che Tes 


of its nodes. 
This done, there is but little bern to obſerwe it any longer, wail 
it comes fo near the Sun's weſtern limb, as almoſt to touch it. Then 
the obſerver watches the planet carefully with his teleſcope; and his 
affiſtant watches the clock, fo as to note the preeiſe moment uf the 
Reese touching the Sun's lib, which the aſſiſtant knows by 2 ob- 
erver's ſtriking a blow with his hammer, 
1 2 z. The | 
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23. The aſſiſtant muſt be very careful in obſerving. what minute on 
the Dial-Plate the minute-hand has paſt, when he has obſerved the 
ſecond-hand at the inſtant the blow was ſtruck by the hammer: ather- 
wiſe, though he be right as to the number of ſeconds of the current 
minute, he may be apt to make a miſtake in the number of minutes. 
224. To thoſe places where the tranſit begins before XII at noon, and 
ends after it, Venus will have an eaſtern parallax from the Sun at the 
beginning, and a weſtern parallax from the Sun at the end; which will 
Contract the duration of the tranſit, by cauſing it to begin later, and end 
ſooner at theſe places, than it does as ſeen from the Earth's center; 
which may be explained in the following manner. b | 
In Fig. 5. of Plate XIV. let A B M be the Earth, Y Venus, and & 
the Sun. The Earth's motion on it's axis from weſt to eaſt, or in the 
direction A MB, carries an obſerver on that fide contrary to the motion 
of Venus in her orbit, which is in the direction UV; and will there- 
fore cauſe her motion to appear quicker on the Sun's diſc, than it 
would appear to an obſerver placed at the Earth's center C, or at either 
ol it's poles. For, if Venus was to ſtand ſtill in her orbit at V for 
twelve hours, the obſerver on. the Earth's ſurface would in that time be 
carried from A to B, through the arc AMB. When he was at A. 
he would ſee Venus on the Sun at R; when at M, he would ſee her 
at &; and when he was at B, he would ſee her at T: fo that his own 
motion would cauſe the planet to appear in motion on the Sun through 
the line RST : which being in the direction of her apparent motion 
on the Sun as ſhe moves in her orbit UW, her motion will be acce- 
lerated on the Sun to this obſerver, juſt, as much as his own motion 
would ſhift her apparent place on the Sun, if ſhe was at reſt in her 
orbit at . „ 1 | % 3 ueb2 

But as the whole duration of the tranſit, from firſt to laſt internal 

contact, will not be quite fix hours, an obſerver, who has the Sun on 
his meridian at the middle of the tranſit, will be carried only from 4 to 

b during the whole time thereof. And therefore, the duration will be 

much leſs contracted by his own motion, than if the planet were to 
be twelve. hours in paſling over the Sun, as ſeen from the Earth's 

center. e hl 1 43 | 
235. The nearer Venus is to the Earth, the greater is her parallax, 

and the more will the true duration of her tranſit be contracted thereby; 

the farther ſhe is from the Earth, the contrary : ſo that the contraction 

will be in dire& proportion to the parallax. Therefore, by obſerving, 

at proper places, how much the duration of the tranſit is leſs than 

it's true duration at the Earth's center, wh e it is 5 hours 58 minutes, 

| | 2 as 


316 


The Method of finding tbe Diſfances 
s given by the Aſtronomical tables, the parallax of Venus will be | 


aſcertained. 


26. The above method (F 17, & ſig.) is much the ſame as was pre- 
ſcribed long ago by Doctor HAL LEV, but the calculations differ con- 
fiderably from his; as will appear in the next article, which contains a 
tranſlation of the Doctor's whole diſſertation on that ſubject.— He had 
not computed his own tables when he wrote it, nor had he time before- 
hand to make a ſufficient number of obſervations on the motion of 
Venus, ſo as to determine whether the nodes of her orbit are at reſt or 


no; and was therefore obliged to truſt to other tables, which are now 


found to be erroneous. 


ARTICLE II. 


Containing Doctor HalLLE 's Diſſertation on the method of 
 fmding the Sun's. parallax and diſtance from the Earth, 


Ey the tranſit of Venus over the Sun's Diſc, June the btb, 
. 1761. Tranſlated from the Latin in Motte's Abridge- 
ment of the Philoſophical Tranſaftions, Vol. J. pag. 243,z 
%% ( od polo bas jo 
There are many things exceedingly paradoxical, and that ſeem quite 
incredible to the illiterate, - which yet by means of mathematical prin- 


ciples may be eafity ſolved. Scarce any problem will appear more hard 


and difficult, than that of determining the diſtance of the Sun from 


the Earth very near the truth : but even this, when we are made ac- 
quainted with' ſome exact obſervations, taken at places fixed upon, and 
choſen before-hand, will without much labour be effected. And this 
is what I am now deſirous to lay before this illuſtrious ſociety “ (which 
I foretell will continue for ages) that I may explain before-hand to young 


Aſtronomers, who may perhaps live to obſerve theſe things, the method 


whereby the immenſe diſtance of the Sun may be truly obtained, to 
within a five hundredth part of what it really is. | 720 


It is well known that the. diſtance of the Sun from the Earth is by 


different Aſtronomers ſuppoſed different, according to what was judged 
moſt probable from the beſt conjecture that each could form. Ptolemy 
and his followers, as alſo Copernicus and Tycho Brabe, thought it to be 


1200 ſemidiameters of the Earth: Kepler 3 500 nearly; Ricciolus dou- 
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bles the diſtance mentioned by Kepler, and Heuelius only increaſes it by 
one half. But the planets Venus and Mercury having, by the aſſiſtance 


ol the teleſcope, been ſeen in the diſc of the Sun, deprived of their 


borrowed brightneſs, it is at length found, that the apparent diame- 
ters of the planets are much. leſs than they were formerly ſuppoſed ; 
and that the ſemidiameter of Venus ſeen from the Sun ſubtends no more 
than a fourth part of a minute, or fifteen ſeconds, .whilſt the ſemi- 
diameter of Mercury, at it's mean diſtance from the Sun, is ſeen under 


an angle only of ten ſeconds ; that the ſemidiameter of Saturn ſeen 


from the Sun appears under the {ame angle; and that the ſemidiameter 
ol Jupiter, the largeſt of all the planets, ſubtends an angle of no more 
than a third part of a minute at the Sun. Whence, keeping the 
proportion, ſome modern Aſtronomers have thought, that the ſemi- 
diameter of the Earth, ſeen from the Sun, would ſubtend a mean 
angle between that larger one ſubtended by Jupiter, and that ſmaller 
one ſubtended by Saturn and Mercury; and equal to that ſubtended by 
Venus (namely, fifteen ſeconds: ) and have thenee coneluded, that the 
dun is diſtant from the Earth almoſt 14000 of the Earth's ſemidiameters. 
But the ſame authors have on another acoount ſomewhat increaſed this 
diſtance: for, inaſmuch. as the Moon's diameter is a little more than a 
fourth part of the diameter of the Earth, if the Sun's parallax ſhould 
be ſuppoſed fifteen ſeconds, it would follow, that the body of the Moon 
is larger than that of Mercury; that is, that a ſecondary planet would 
be greater than a primary, which would ſeem inconſiſtent with the 
uniformity of the mundane ſyſtem. And on the contrary, the ſame 
regularity and uniformity ſeems ſcarcely to admit, that Venus, go in- 
ferior planet, that has no. ſatellite, ſhould be greater than our Earth, 


which ſtands higher in the ſyſtem, and has ſuch a ſplendid attendant. - 
Therefore, to obſerve a mean, let us ſuppoſe the ſemidiameter of the. 


Earth ſeen. from the Sun, or, which is the ſame thing, the Sun's: hori- 
zontal parallax, to be twelve ſeconds and a half; according to which, 
the Moon will be leſs than Mercury, and the Earth larger than Venus; 
and the Sun's diſtance from the Earth will eome out nearly-16 500 of 
the Earth's ſemidiameters. This diſtance I aſſent to at preſent, as the 


true one, till it ſhall become certain what it is, by the experiment 


- which I propoſe. Nor am I induced to alter my opinion by the au- 
thority of thoſe (however weighty it may be) who are for placing the 
Sun at an immenſe diſtance beyond the, bounds here aſſigned, relying 
on obſervations made upon the vibrations of a pendulum, in order to 


determine thoſe. exceeding ſmall angles; but which, as it ſeems, are 


not 
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depehded upon: at let, by wis method of in 


5 ee as abate | Will 'come out fometimes nothing, or even 
negative; that is, the diſtance would either become infinite, or or greater 


than Mffune; which is abſurd.” And indeed, to confeſs the truth, it is 
hardly poſſible for a man to diſtinguiſh, with any degree of certainty, | 
Leonce, or even ten ſeconds, prey inAurnents, let them be ever fo 
ſkj|folfy made ?"thertfore, it is not at all to be wondered at, that the 
exceſſide nicety of this matter has cluded” the ee and ingenious es 
deavours of fach Tſkiffal operators. $00 2 #2) 

About forty years a „hilft T was in the iland of St. Helena, Sb 
ol de * about the ſouth poke, 1 had an opportunity of obſervin g. 
with the greateſt dili _ Mercury paſſing over che die of the Sun ; 
and ( (which facceeded" better than Tale have hoped for) 1 obſerved; 
with*the* ateft degree of aceuraey, by means of a teleſcope 24 feet 
long, the very moment when Mercury enteting upon the Sun ſeemed to 
touch it's ipih within, and alſo the moment when going off it ſtruck 
the Hint + e Sur 's' ai forming the" angle of "interior contact: 

| 1 Arrinęe which Mercury, then 
appeare EH the san e, een Witt ut an error 

of time. For the Jueid line cepted between the dark limb of 
the Nay and the bright limb of the gun, although exceeding fine, 


PT the eye; and the little dent. made in the Sun's lirnb, by 
9-4 2 che diſt, 


> appears t6''vaniſh in a moment; and 
0 rcury, when leaving” che diſe, ſeems to begin 
hate When Petecived this,” it- immediately came ins 
my mind, that the 'Sun's patallax "might be accurately determined 
by fuch kind of — as theſe; provided Mercury were but 


neater to tlie Earth, and had a greater parallax from the Sun: but 


the difference of theſe parallaxes is fo little, as always to be leſs than 
the ſolar parallax which we ſeek; and therefore Mercury, though 
. to be 25 on the Sun, is not 16 > be looked Nn as 1 for 


#.+ 4,44 


Far r, Nat OR Nor times as ; ike + as the ſolar bb will 
caufe yery ſenfible' differences between the times in which Venus will 
ſeem to he paffing over the Sun at different parts ef the Earth. And 


from theſe differences, if they be obſerved as they ought, the 'Sun's 
| 8 may be determined even to a ſmall part of a ſecond. Nor do 


e require any other inſtruments for this purpoſe, than common 


teleſcopes and | pa only of their kind; and in the obſervers, 


nothing 
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more is needful dem Geh 2 rand a nt 
in Ns 0s For there is no need that the latitude of the place 
be (crupylouſly obſerved, nor that the hours themſelves ſhould be ac- 
curately determined with reſpe& to the meridian : it is ſufficient that 
che clocks be regulated according to the motion of the. heavens, if the 
times be well reckoned from 'the total ingreſs of Venus into the 'Sun's 
diſc, to the begi nning of her egreſs from it; that is, when the dark 
globe of Venus l begins to touch the bright limb of the Sun withinz 
hich moments, I know. by my own experience, _ be en 
within a ſecond of tine. 

But on account of the very ict lin by which the motions of the 
planets are regulated, Venus is ſeldom. ſeen within the Sun's diſc : and 
during the courſe of more than 120 Jos, it could net be feen enee; 
namely, from the year 1639 (whey this moſt pleaſing fight hippetied 
to that excellent youth Horrox our countryman, and to him only, ſince 

the creation) to the year 1761 ; in which year, according to the theories 
which we have hitherto found agreeable to the celeſtial motions, Venus 
will again paſs over the Sun on the * 2bth of May, in the morning; 
ſo that at London, about fix: o'clock in the morning, we may expect to 
ſee it neat the middle of the Sun's diſe, and notabove four minutes of a 
degree ſouth of the Sun's center. But the duration of this tranſit will be 
almoſt eight hours; namely, from two o'clock in the morning till almoſt 
ten. Hence the ingreſs will not be vifible in Eagiand; but as the Sun 
will at that time be in thie roth degree of Gemini, Having almeſt 2 
degrees north declination, it will be ſeen without ſettigg at Wi 
all parts of the north ftigid zone : and therefore the inhabitants of the 
| coaſt of Norway, beyond the city-N:drofa, which is called Drontheim.,, 
as far as. the North Cape, vil b. 20 able to obſerve Venus entering the 
Sun's diſo; and perhaps the ingreſs of Venus upen the Sun, when 
riſing, will be ſeen by the Scorch, in the northern parts of the king- 
dom, and by the inhabitants of the 'Schetland Iſles, formerly called 
Thule. But at the time when Venus will be neareſt th Sun's center, 
the Sun will be vertical to the northern ſhores of the bay of Bengal, or 
rather over the kingdom of Pegu ; and therefore, in the adjacent re- 
jons, as the Sun, when Venus enters his diſc, will be almoſt four 
rs toward the eaſt, and as many to the weſt when ſhe leaves him, 
the apparent motion of Venus on the Sun will be aceelerated by almoſt 
double the horizontal parallax of Venus from the Sun; becauſe Venus 
at chat time is carried with a retrograde motion from . to. Nets 
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älſt an eye placed aponthe Earth's ſurface is whirled the contrary 
E 1 & e e „ e e 
a > N itt 1711 0 * 1 4 rtr + * Tas | 2 8 ; ppc ng ; 


This has been taken already tiotice of in F 24 ; but 1 hall here endeavour to ex: 
plain it more at large, together with Jome of the following part of the Doctor's Eflay, 


b a figure. Wor e eee 5 
: 12 F Ig. I. of Flate XV. let C be the center of the Earth, and Z the center of the Sun. 
In the right line CZ, make vZ to CZ as 726 is to 1015 (C I12.) Let ach be the 
Earth, v Venus's place in her orbit at the time of her conjunction with the Sun; and 
let T& U be the Sun, whoſe diameter is 31 422. 5 5 


k 
* 


The motion of Venus in her orbit is in the direction Nu n, and the Earth's motion on 


” 7 4 » 7 


it's axis is according to the order of the 24 hours placed around it in the figure. There- 


fore, 1 the Ganges to be at &, when Venus is at E in her orbit, and 
to be carried from G to g by the Earth's motion on it's axis, whilſt Venus moves from 
2 Dae orbit; it is plain, that the motions of Venus and the Ganges are contrary 
e og ol ty et 6 radhe patar en oc 
The true motion of Venus in her orbit, and conſequently the ſpace ſhe ſeems to run 
over on the Sun's diſc. in any given time, could be feen only from the Earth's center C, 
which is at reſt with reſpect to it's ſurface. And as ſeen from C, her path on the Sun 


would be in the right line 7 2 U; and her motion therein at the rate of four minutes. of 


a degree in an Hour. T is the point of the Sun's eaſtern limb which Venus ſeems to 

at the moment of her total ingreſs on the Sun, as ſeen from C, when Venus is at E 
in her orbit; and U is the point of the Sun's weſtern limb which ſhe ſeems to touch 
r eee 
© When the mouth of the Ganges is at (in revolving through the are & ng) the Sun 
is on it's: meridian. Tbereſote, ſince G and g are equally diſtant from M at the be- 


Sinning and ending of ; the._tranfit,, it is plain that the, Jun will be as far .caſt;of 


: 


- the meridian of the Ganges (at G) when the tranſit begins, as it will be weſt of the 


meridian of the fame place (revolved from G to g) when the tranſit ends. 
But although the beginning of the tranſit, or rather the moment of Venus's total 
ingreſs upon the Sun at 7, as ſeen from the Earth's center, muſt be when Venus is 
at E in her orbit, becauſe ſhe. is then ſeen in the direction of the right line CET; 
et, at the ſame inſtant of time, as ſeen from the Ganges at G, ſhe will be ſhort of 
ingreſs on n ſeen eaſtward of him, in the right line G E , 
which: makes the angle XE (equal to che oppoſite angle GE C) with the right line 
CET. This angle is called the angle of Venus's parallax from the Sun, which 
retards the ee of the tranſit as ſeen from the banks of the Ganges; ſo that the 
Ganges & muſt advance a little farther toward m, and Venus muſt move on in her 
orbit from E to R, before ſhe can be ſeen from G (in the right line G RT) wholly 

within the Sun's diſc at 7. 1113 


When Venus comes to e in her orbit, the will appear at U, as ſeen from the Earth's 


center C, juſt beginning to leave the Sun; that is, at the beginning of her egreſs from his 


weſtern limb: but at the ſame inſtant of time, as ſeen from the Ganges, which is then 
at g, ſhe will be quite clear of the Sun toward the weſt; being then ſeen from g in the - 
right line ge L, which makes an angle, as Le L (equal to the oppoſite angle Ceg) with 
the right line CU. and this is the angle of Venus's parallax from the Sun as ſeen from 


the Ganges at g, when ſhe is but juſt beginning to leave the Sun at U, as ſeen from the 


's center C. | | 
Here it is plain, that the duration of the tranſit about the mouth of the Ganges (and 
alſo in the neighbouring places) will be diminiſhed by about double the quantity of Venus's 


of the Planets from the Sun. 


paſing the Sun's parallax (as we have ſaid) 0 be 12”, the pacal- | 


lax of Venus will be 43”; from which ſubtracting the parallax of the 

Sun, there will remain 30“ at leaſt for the horizontal parallax of Venus 
from the Sun; and therefore the motion of Venus will be increaſed 48 
at leaſt by that parallax, whilſt ſhe paſſes over the Sun's diſc, in thoſe 


elevations of the pole which are in places near the tropic, and 


yet more in the neighbourhood of the equator. Now, Venus at 
that time will move on the Sun's diſc, very nearly at the rate of 
four minutes of a degree in an hour; and therefore 11 minutes of 
time at leaſt are to be allowed for 45”, or three-fourths of a minute 
of a degree; and by this ſpace of time, the duration of this eclipſe 
cauſed by Venus will, on account of the parallax, be ſhortened. 
And from this ſhortening of the time only, we might ſafely enough 
draw a concluſion concerning the parallax which we are in ſearch 
of, pravided the diameter of the Sun, and the latitude of Venus, 
were accurately known. But we cannot expect an exact computation 
in a matter of ſuch ſubtilty. | 
Wie muſt endeavour therefore to obtain, if poſſible, another obſer- 
vation, to be taken in thoſe places where Venus will be in the 
middle of the Sun's diſc at midnight; that is, in places under the 
oppoſite meridian to the former, or about 6 hours or go degrees 
| welt of London; and where Venus enters upon the Sun a little be- 
fore it's ſetting, . and goes off a little after it's rifing. And this 
will happen under the above-mentioned meridian, and where the 
elevation of the north pole is about 56 degrees; that is, in a part 
of Hudſon's Bay, near a place called Port-Nelſen. For, in this and 
the adjacent places, the parallax of Venus will increaſe the dura- 
| from the Sun at the begiuning or ending of the tranſit. For Venus muft 
be at E in her orbit when ſhe is y upon the Sun at 7, as ſeen from the 
Earth's center C: but at that time ſhe is ſhort of the Sun as ſeen from the Ganges 
at G, by the whole quantity of her eaſtern parallax from the Sun at that time, which 
is the angle KET. [This ang „ in fact, is only 2J”; though it is repreſented 
much larger in the figure, becauſe the Earth therein is a vaſt deal too big.] Now, as 
Venus moves at the rate of 4 in an hour, ſhe will move 27J” in 5 minutes 45 
ſeconds : and, therefore, the tranfit will be 5 min. 45 ſeconds later of beginning at 
| the banks of the Ganges than at the Earth's center. When the tranſit is ending at 
U, as ſeen from the Earth's center C, Venus will be quite clear of the Sun (by the 
whole quantity of her weſtern parallax from him) as ſeen from the Ganges, which 


at g: and this parallax will be 22”, equal to the ſpace through which Venus 


Ganges will be 11 minutes LH of time: for it is 5 minutes 45 ſeconds at the 
7 Tt . "tion 
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tion of the tranſit by at leaſt fix minutes of time; becauſe, whilſt 
the Sun, from it's ſetting to it's riſing, ſeems to paſs under the 


pole, thoſe places on the Earth's diſc will be carried with a motion 


from eaſt to weſt, contrary to the motion of the Ganges ; that is, 
with a motion conſpiring with the motion of Venus; and therefore, 
Venus will ſeem to move more ſlowly on the Sun, and to be longer 
in paſſing over his diſc *. FOES e 44 [he 97 9 

If therefore it ſhould happen that this tranſit ſhould be properly ob- 
ſerved by ſkilful perſons at both theſe places, it is clear, that the dura- 


tion thereof will be 17 minutes longer, as ſeen from Port- Nelſon, than 


as ſeen from the Eaft-Indies, Nor is it of much conſequence (if the 


Engliſh ſhall at that time give any attention to this affair) whether the 
obſervation be made at Fort- George, commonly called Madras, or at 
Bencoolen on the weſtern ſhore of the iſland of Sumatra, near the equa- 


tor. But if the French ſhall be diſpoſed to take any pains herein, an 
. obſerver may ſtation himſelf conveniently enough at Pondicberry on the 


welt ſhore of the bay of Bengal, where the altitude of the pole is about 


12 degrees. As to the Dutch, their celebrated mart at Batavia will 


afford them a place of obſervation fit enough for this purpoſe, - provided 


they alſo have but a diſpoſition to aſſiſt in advancing, in this particular, 


In Fig. 1. of Plate XV. let aC be the meridian of the eaſtern mouth of the Ganges; 


and þ C the meridian of Port- Nelſon at the mouth of York-River in Hudſon's Bay, 56 


north latitude. As the meridian of the Ganges revolves from a to c,' the meridian of 


Port- Nelſon will revolve from & to 4: therefore, whilſt the Ganges revolves from & to g, 
through the arc.G mg, Port-Nel/on revolves the contray way (as ſeen from the Sun or 


Venus) from P to p, through the arc P » p,——Now, as the motion of Venus is from 
Z to e in her orbit, whilſt the ſeems to paſs over the Sun's diſc in the right line 77 U, 
as ſeen from the Earth's center C, it is plain, that whilſt the motion of the Ganges is 


contrary to the motion of Venus in her orbit, and thereby ſhortens the duration of the 


tranſit at that place, the motion of Port-Nel/on is the ſame way as the motion of Venus, 
and will therefore increaſe the duration of the tranſit : which may in ſome degree be 


illuſtrated by ſuppoſing, that whilſt a ſhip is under ſail, if two birds fly along the fide 


of the ſhip in contrary directions to each other, the bird which flies contrary to the 

motion of the ſhip will paſs by it ſooner than the bird will; which flies the ſame way 

that the ſhip moves „ | Cs Ne 
In fine, it is plain by the figure, that the duration of the tranſit muſt be longer as ſeen 


from Port-Nelſon, than as ſeen from the Earth's center; and longer as ſeen from the 


Earth* center, than as ſeen from the mouth of the Ganges.——For Port- Nelſon. muſt be 
at P, and Venus at N in her orbit, when ſhe appears wholly within the Sun at T; 
and the ſame place muſt be at p, and Venus at =, when ſhe appears at U, beginning to 


leave the Sun,—The Co muſt be at &, and Venus at R, when ſhe is ſeen from G 


upon the Sun at 7; and the ſame place muſt be at g, and Venus at r, when ſhe begins 
to leave the Sun at U, as ſeen from g. So that Venus muſt move from N to n in her 


© orbit, whilſt ſhe is ſeen to paſs over the Sun from Port- Nelſon; from E to: in paſſing 


over the Sun, as ſeen from the Earth's center; and only from & tor whillt ſhe p 
the Sun, as ſeen from the banks gf the Ganges. Pn: Jhe 


2 the 


es over 


12 of the Planets from the Sun. 


the knowledge of the heavens.—And indeed I could with that many 
obſervations of the ſame phenomenon might be taken by different per- 
| ſons at ſeveral places, both that we might arrive at a greater degree of 
certainty by their agreement, and alſo leſt any ſingle obſerver ſhould be 
deprived, by the intervention of clouds, of a ſight, which I know not 
whether any man living in this or the next age will ever ſee again; and 
on which depends the certain and adequate ſolution of a problem the 
moſt noble, and at any other time not to be attained to. I recommend 
it therefore, again and again, to thoſe curious Aſtronomers, who (when 
I am dead) will have an oppertunity of obſerving theſe things, that 
they would remember this my admonition, and diligently apply them- 
ſelves with all their might to the making this obſervation : and I 
earneſtly wiſh them all imaginable ſucceſs; in the firſt place that they 
may not, by the unſeaſonable obſcurity of a cloudy ſky, be deprived of 
this moſt deſirable fight ; and then, that having aſcertained with more 
exactneſs the magnitudes of the planetary orbits, it may redound to 
their immortal fame and glory. 
We have now ſhewn, that by this method the Sun's parallax may 
be inveſtigated to within it's five hundredth part, which doubtleſs. will 
appear wonderful to ſome. But if an accurate obſervation be made 
in each of the places above marked out, we have already demonſtrated 
that the durations of this eclipſe made by Venus will differ from each 
other by 17 minutes of time; that is, upon a ſuppoſition that the Sun's 
parallax is 12 2. But if the difference ſhall be — by obſervation to 
be greater or leſs, the Sun's parallax will be greater or leſs, nearly in 
the ſame proportion. And ſince 17 minutes of time are anſwerable to 
12+ ſeconds of ſolar parallax, for every ſecond of parallax there will 
ariſe a difference of more than 80 ſeconds of time; whence, if we have 
this difference true to two ſeconds, it will be certain what the Sun's 
parallax is, to within a 40th part of one ſecond ; and therefore, his 
diſtance will be determined to within it's 5oodth part at leaſt, if the 
parallax be not found leſs than what we have ſuppoſed : for 40 times 
12+ make 500. FL DO ga 9 . | 
And now I think I have explained this matter fully, and even more 
than I needed to have done, to thoſe who underſtand Aſtronomy : and 
I would have them take notice, that on this occaſion, I have had no 
regard to the latitude of Venus, both to avoid the inconvenience of a 
more intricate calculation, which would render the concluſion leſs evi- 
dent; and alſo becauſe the motion of the nodes of Venus is not yet. 
diſcovered, nor can be determined but by ſuch conjunctions of the planet 
with the Sun as this. For we conclude, that Venus will paſs 4 minutes 
= | f E below 
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| below the Sun's center, only in conſequence of the ſuppoſition that the 


plane of Venus's orbit is immoveable in the fphere of the fixed ſtars, 
and that it's nodes remain in the ſame places where they were found in 
the year 1639. But if Venus, in the year 1761, fhould move over the 
Sun in a path more to the ſouth, it will be manifeft that her nodes 
have moved backward among the fixed ſtars; and if more to the north, 
that they have moved forward ; and that at the rate of 5+ minutes of a 
degree in 100 Julian years, for every minute that Venus's path ſhall be 
more or leſs diſtant than the aboyefaid 4 minutes from the Sun's center. 
And the difference between the durations of theſe eelipſes will be ſome- 
what leſs than 17 minutes of time, on account of Venus's ſouth lati- 
tude ; but greater, if by the motion of the nodes forward ſhe ſhould 
paſs on the north of the Sun's center. | | 

But for the ſake of thoſe, who, though they are delighted with ſydereal 
obſervations, may not yet have made thernſelves acquainted with the 
doctrine of parallaxes, I choſe to explain the thing a little more fu 
by a ſcheme, and alſo by a calculation ſome what more accurate. | 
Let us ſuppoſe that at London, in the year 1761, on the 6th of June, 
at 55 minutes after V in the morning, the Sun will be in Gemini 15 
375, and therefore that at it's center the ecliptic is inelined toward the 
north, in an angle of 6* ro': and that the viſible path of Venus on the 


Sun's diſc at that time declines to the ſouth, making an angle with the 


ecliptic of 8 287: then the path of Venus will alſo be inclined to the 
fouth, with reſpect to the equator, interſecting the parallels of declina- 
tion at an angle of 2 18' *. Let us alſo ſuppoſe, that Venus, at the 
forementioned time, will be at her leaſt diſtance from the Sun's: cen- 
ter, viz. only four minutes to the ſouth; arid that every hour the will 
deſcribe a ſpace of 4 minutes on the Sun, with a retrograde motion. 
The Sun's ſemidiameter wil be 15 51” nearly, and that of Venus 37 L. 
And let us ſuppoſe, for trial's fake, that the difference of the horizontal 


_ parallaxes of Venus with the Sun (which we want) is 31“, ſuch as it 


comes out if the Sun's parallax be ſuppoſed 12 2. Then, on the cen- 


ter C(Plate XV. Fig. 2.) let the little circle AB, repreſenting the Earth's 


| * This was an overſight in che Doctor, occaſioned-by his placing both the Earth's 
axis B C (Fig. ,2-of Plate XV.) and the axis of Venus's orbit C N on the ſame fide of 
the axis of the ecliptic CK; the former making an angle of 6® 10” therewith, and the 


latter an angle of 8 287; the difference of which fm is only 2% 187, But the truth: 


is, that the axis, and the aui of Vernts's orbit, will then lie on diffrrent ſides 


of the axis of the ecliptic, the former making an angle of 6“ therewith, and the 


latter an angle of 8˙2. Therefore, the ſum of theſe angles, which is 14˙ (and not 
their difference Z r#) is tlie inclination of Venusꝰs vildle path to the equator and 
diſc, 


* 
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: diſc, be defctibed, and let it's ſemidiameter C be 32” and let the 


effiptic parallels of 22 and 56 degrees of north latitudè (for the Gap 
and Port-Nelfon} be drawn within it, int the manner now uſed 

Aftronomers for conſtrucking ſofar eclipſes. Let BCg be the meridian 
in which the Sun is, and to this, let the right tine FHO, reprefentin 


the path of Venus, be inclined at an angle of 2* 18'; and let it be 


diſtant from the center C 240 ſuch parts, whereof CB is 31. From C 
Tet fall the right line C H, perpendicular to PG ; and fuppoſe Venus to 
be at Hat 55 minutes after V in the morning. Let the right line FH 

be divided into the horary fpaces INF IV, y, V VI, Kc. etch equal 


to CH; that is, to 4 minutes of a degree. Alſo, let the right line LN 


be equal to the difference of the apparent ſemidiameters of the Sun arid 
Venus, which is 15 13/2; and a citcle being deferibed with the radius 
L M. on a center taken in any point within the little cirefe AB repre- 
fenting the Earth's difc, will meet the cight line FG in a point denoting 
the time at London when Venus ſhall touch the Sun's limb interrrally 
as feen from the place of the Earth's furface that anſwers to the point 

aſſumed in the Earth's diſc. Ard if a circle be deſcribed on the center C, 
with the radius L. M, it will meet the right fine FG in the points Fand &; 
and the fpaces FH and GH will be each equal to 14' 4”, which ſpace 
Venus will appear to paſs over in 3 hours 40 minutes of time at Lonabn; 
therefore, F will fall in II hours 15 minutes, and G in FX hours 3 5 


minutes in the morning. Whence it is manifeſt, that if the magnitude 


of the Earth, on account of it's immenſe diſtance, ſhonld vanith' as it 
were int6'4 point; or, if being deprived of a diurnal motion, it ſhould 


always have the Sun vertical to the ſame point C; the whole duration 


. of this ectipfe would be 7 hours 20 minutes. But the Earth if thiat 
time being whirted through 110 degrees of longitude, with a motion 


contrary to the motion of Venus, and confequently the above- mentioned 


duration being contracted, ſuppoſe 12 thmures,” It will chme out 7 hours 
9 minutes, or 107 degrees, erg Tn 
| Now, Venus will be at H. at ber leuft diſtance from the Suti's cen- 
ter, when in the meridian of the eaſtern mouth of the Gangrr, where 
the altitude of the pole is about 22 degrees. The Sun therefore will be 
equally diſtant from the meridian of thar place, at the moments of the 
ingreſs and egreſs of the planet, viz. 537 degrees; ay the poirits'2 atid 
b (reprefentinig that place in the Earth's dife A BY ate, in the greater 


arallel, from the meridian'BCg. But the diameter / of that parallel will 


de to the diſtance a J, as the ſquare of the radius to the rectangle under 
the ſines of 53 and 68 degrees; that is, as 1 2 to 46” 14". Ard 
by a good calculation (which, that T may not tire the reader, it is berrer 
„„ to 
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till IX hours 56 minutes. 
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to omit) 1 find, that a circle deſcribed on @ as a center, with the radius 


L will meet the right line FHin the point M, at I hours 20 minutes. 


40 ſeconds; but that belpg deſcribed round 6 as a center, it will meet 
HG in the point N at IX hours 29 minutes 22 ſeconds, according to the 
time reckoned at London : and therefore, Venus will be ſeen entirely 
within the Sun at the banks of the Ganges for 7 hours 8 minutes 
42 ſeconds :. we have then, rightly - ſuppoſed, that the duration will 
be 7 hours 8 minutes, ſince the part of a minute is here of no con- 
h Moda Baile 
But adapting the calculation to Port. Nelſon, I find, that the Sun 
being about to ſet, Venus will enter his diſc; and immediately after his 
riſing ſne will leave the ſame. That place is carried in the interme- 
diate time through the hemiſphere oppoſite to the Sun, from c to d, 
with a motion conſpiring with the motion of Venus; and therefore, the 
ſtay of Venus on the Sun will be about 4 minutes longer, on account 
of the parallax; ſo that it will be at leaſt 7 hours 24 minutes, or 
111 degrees of the equator. And ſince the latitude of the place is 
56 degrees, as the ſquare of the radius is to the rectangle contained 
under the ſines of 5 5 and 34 degrees, ſo is AB, which is 1“ 2“, to cd, 


Which is 28” 33“. And if the calculation be juſtly made, it will ap- 


pear, that a circle, deſcribed on c as a center, with the radius LM, will 
meet the right line FH in O, at II hours 12 minutes 45 ſeconds; and 
that ſuch a circle, deſcribed on d as a center, will meet H G in P, at 
IX hours 36 minutes 37 ſeconds; and therefore the duration at Port- 
Neſſan will be 7 hours 23 minutes 52 ſeconds, which is greater than at 
the mouth of the Ganges, by 15 minutes 10 ſeconds, of time. But if 
Venus ſhould paſs over the Sun without having any latitude, the dif- 
ference would be 18 minutes 40 ſeconds ; and if ſhe. ſhould paſs 4 
north of the Sun's center, the difference would amount to 21 minutes 
40 ſeconds, and will be ſtill greater, if the planet's north latitude be 
more increaſed. F ttc 
From the foregoing hypotheſis it follows, that at London, when the 
Sun, riſes, Venus-will have entered his diſc ; and that, at IX hours 
37 minutes in the morning, ſhe will touch the limb of the Sun inter- 
nally in going off ; and laſtly, that ſhe will not entirely leave the Sun 


It likewiſe follows from the fame hypotheſis, that the center of 
Venus ſhould juſt touch the Sun's northern limb in the year 1769, on 


the third of June, at XI o'clock at night. So that, on account of the 


parallax, it will appear in the northern parts of Norway entirely within 
the Sun, which then does not ſet to thoſe parts ; whilſt, on the coaſts 
es ba nme 


of the Planets from the Sun. 


of Peru and Chili it will ſeem to travel over a ſmall portion of the diſc 
of the ſetting Sun; and over that of the riſing Sun at the Molucca Mands, 
and in their neighbourhood. —But if the nodes of Venus be found to 
have a retrograde motion (as there is reaſon to believe from ſome later 
obſervations they have) then Venus will be ſeen every where within the 
Sun's diſc; and will afford a much better method for finding the Sun's 
| parallax, by almoſt the greateſt difference in the durations of theſe 
eclipſes that can poſſibly happen. Us $i 8 | 
But how this parallax may be deduced from obſervations made 
ſomewhere in the Eaſt- Indies, in the year 1761, both of the ingreſs and 
egreſs of Venus, and compared with thoſe made in it's going off with 
us; namely, by applying the angles of a triangle given in ſpecie to the 
circumference of three equal circles ; ſhall be explained on ſome other 
occaſion. | | | En, 


ARTICLE 6. ME 
Shewing that the whole method propoſed by the Doctor cannot 
4 be put in practice, and why. 41% 


27. In the above Diſſertation, the Doctor has explained his method 
with great modeſty, and even with ſome doubtfulneſs with regard to it's 
full. ſucceſs. For he tells us, that the Sun's parallax may only be deter- 
mined within it's five hundredth part thereby, provided it be not leſs 
than 12“; that there may be a good obſervation made at Port- Nelſon, 
as well as about the banks of the Ganges; and that Venus does not 
paſs more than 4 minutes of a degree below the center of the Sun's 
diſc.— He has taken all proper pains not to raiſe our expectations too 
high, and yet, from his well-known abilities, and character as a great 
Aſtronoiner, it ſeems mankind in general have laid greater ſtreſs upon 
his method than he ever deſired them to do. Only, as he was convinced 
it was the beſt method by which this important problem can ever be 
ſolved, he recommended it warmly for that reaſon. He had not then 
made a ſufficient number of obſervations, whereby to determine, with 
certainty, whether the nodes of Venus's orbit have any motion at all ; 
or, if they have, whether it be backward or forward with reſpect tothe 
ſtars. And conſequently, having not then made his own tables, he was 
_ obliged to calculate from the beſt that he could find. But thoſe tables 
allow of no motion to Venus's nodes, and alſo reckon her conjunction 
with the Sun to be about half an hour too late, p £ 4 | 
| 28. Bu 
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28. But more modern obſervittens peome, thick the aadles of Venus's 
orbit have a motion, backward, or contrary to the order of the ſigns, 
with reſpect to the fixed ftars. And this motion is allowed for, in the 
e tables, 2 great part whereof were made from his own obſervati- 
Andi it appears by theſe tables, that Venus will be ſo much farther 
—— node at the time of this tranfit, than ſhe was paſt 
her aſcending nade at her tranſit in November 1639, that inſtead of 
paſſing * of a degree below the Sun's center in this, ſhe 
will pats 10 minutes of a'degree below it : on which account, 
the line of hertranfitwill be ſo much ſhortened, as will make her paſſage 
over the Sun's diſe about an hour and 20 minutes leſs than if ſhe paſſed 
only 4 minutes below the Sun's center, at the middle of her tranſit. 
And therefore, her parallax from the Sun will be fo much diminiſhed, 
both at the beginning and end of her tranſit, at all places from which 
the whole of it will be ſeen, that the A of it's durations, as ſeen 


from them, and as ſuppoſed to be ſeen from the Earth s center, will 


not amount to 11 minutes of time. 
29. But this is not all: for although the tranſit will begin before the 


Sun ſets to Port. Nel Jon, it will be quite over before he rifes to that place 


next morning, on acgount of it's ending ſo much ſooner than as given 
by the tables to which the Dector was o obliged to truſt, So that we are 
r would have ariſen from 
obſcrvations made at Port-Neltfon. | 

30. In order to trace this affair through all it's 1 intricacies, and to ren- 
det it as intelligible to the reader as I can, there will be an unavoidable 
neceifity of dwelling much upon it than I could otherwiſe wiſh. 


And as it is impoſfible to lay down truly the parallels of latitude, and 


the fituations of places at particular times, in ſuch a ſmall diſc of the 


Earth as muſt be projected in ſuch a ſort of diagram as the Docter has 
given, ſo as to meaſure thereby the exact times of the beginning and 


ending of the tranſit at any given place, unleſs the Sun's diſc be made 


at leaft 30 inches diameter in the projection; and to which the Doctor 


did not quite truſt without making ſome calculations; I ſhall take a 


different method, in which the Earth's diſc may be made as large as 
the operator pleaſes ; but if he makes it only 6 inches in diameter; he 
mos the quantity of Venus's parallax from the Sun upon it, 

in longitude and latitude, to the fourth part of a ſecond, for any 


| given time and Place; and then, by an eaſy calculation in the common 


rule of three, he may find the effect of the parallaxes on the duration 
of the tranſit. In this, 1 2 — the Doctor, tifat the 

wad 8 horizontal end is 147; and W that Venus 's hori- 
| zontal 
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zontal parallax/from-the'Sun is 317. And-afſter projecting the tranſit, 
do as to find the total effect of the parallaxes upon it's duration, I ſhall 
next ſhew how nearly the Sun's real parallax may be found from the 
obſerved intervals between the times of Venus 's egreſs from the Sun, at 
particular places of the Earth; which is the method now taken both 
by the Exgliſb and French Aſtronomers; and is a ſurer way whereby to 
come at the real quantity of the Sun's.parallax, than by obſerving how 
much the whole contraction of duration of the tranſit is, either at 
Bencoolen, Batavia, or Pondicherry, | i Yo ai 


Sbewing bow to project the tranſit of V. enus on the Sun's diſe, as 
ſeen from different places of the Earth; ſo as to find what it's 
 * ©ifible duration muſt be at any given place, according to any 
„ Sorter vox the Sun, and fromthe obſervedinterwals | 
.': between the times of Venus's egreſs from the Sun at parti» 
cular places, to find the Sun's true horizontal parallax. 
28 * The elements for this conſtruction ape as follow 2 

I. The true time of conjunction of the Sun and Venus; which, as 

ſeen from the Earth's center, and reckoned according to the equal 
time at London, is on the 6th of June 1761, at 46 minutes 17 ſeconds 
after Vin the morning, according to Dr. HALLEy's tables, 

II. The geocentric latitude of Venus at that time, 9 43" ſouth. 
III. The Sun's ſemidiameter, 15' 50. . | 
Iv. The ſemidiameter of Venus (from the Doctor's Diſſertation) 37 5. 


V. The Difference of the ſemidiameters of the Sun and Venus 15 12. 
VI. Their ſum, 16' 27 J. N e kI7)5ßd DT 2I% ad. 
VII. Tho viſible angle which the tranſit-line; makes with the ecliptic, - 
80 31“; the r point (or deſcending node) being 1 6 18“ 
-- eaſtward from the Sun, as ſeen from the Earth; the deſcending 
_ - node being in I 14 29 37, as ſeen from the Sun; and the Sun in 
I ige, as ſeen from the Earth, nn 
VIII. The angle which the axis of Venus's viſible path makes with the 
- axis of the ecliptic, 8* 31“; the ſouthern half of that axis being on 
the left hand (or eaſtward) of the axis of the ecliptic, as ſeen from 
the northern hemiſphere of the Earth, which would be to the right 
hand, as ſeen from the Sun. | 7 1 2 
| EE Uu | IX. The 


ET. 


Sk 


"Us ehr lde rr Yor the 


5 e THe gqual ſpaces, from mark to mark; ſhew how fnueh of that 
| nies thfotighvin each hour, 4s: ſeen from —— ner, 
nage continvifinde'dn/ the Sub's/diſe, 5 5 Atmel methane 
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my The angle which the Earth's axis makes with the axis of the 

| _ ecliptic, as ſeen from the Sun, 6 the fouthern half of the Earth's 
axis lying to the right hand of the axis of 'the ecliptic; in the pro- 
jection; which would be to the left hand as ſeen from the Sun. 


8 The angle which the Earth's atis niakes with the axis of Venus's 


viſible'parh;” 14 37; vizc the fam of No VII and IX. 


XI The true motion'of Venus on the Sun, given by the tables as if it 


were ſeen from the Earth's n LO minutes of 4 e en 60 
jp rode of time. | : 


_— 


32. Theſe elements being collected, make a ſcale of any convenient 
length, as that of Fig. 1. in Plate XVI, and divide it into 17 equal parts, 


each whereof ſhall be taken for a minute of a degree; then, divide 
the minute next to the left hand into 66 equal parts for ſeconds, -by 
diagonal lines, as in the figure. The reafon' for dividing the ſcale into 


17 parts or minutes is, - becauſe the Som of _ ſemidiameters of the 


Sun and Venus exceeds 50 e See N' VI. 

33. Draw the n 8 5 R a ſmall part of the 
ecliptic, and p Jobtar 8805 riglrt line Woe) fo the 
axis of the eck Eee de cate Ba of ug Sena 

34. Take the Sun's ſemidiameter, 1 5 50”, from the Ns with. 
your compaſſes; and with that extent, as a radius, ſet one foot in Cas · 
à center, and deſcribe the ſemicircle AEG for the ſouthern half of 


che Sun's diſe 'becauſe the tranſit is on chat half f the Sun: 
35. T e geocentrio latirude bf: Venrls,: 943 5 from the ſcale: 


your compalles';/ and ſet lit extent from G to u, on the axis of 
the echptic: and the point v ſhall be the place of Venus's center on: 
the Sun, at the tabular moment-of her confunchen with-the Sum. 175 


5 Nav He Ag line C5 D, making Ahungle of 80. 30“ with he 
g 0 


f the'echpric, toward the lefij hand; and ths line tha repreſent: 

the axis of Venus's geocentric viſible _— on the Sun... 5 
37. Through the peint ef ion, in Wear of dhe ecliptic, N 
tric-vifible path of Vends over the 
Zum's diſc, at right afiples to EB D, the axis of Her orbit; which axis will: 


Aide the Hie of Hef path: into two equal parts qr and N 1177. 5 


0 Take Venus's horary motion on the Sun, 4, el the ſcale with 
your compaſſes; 3 and 'with dresden make marks along the tranſtt-line- 


* 24 


. 5 39 Divide 


e »he Planets from the Sun. _ 206- 


39. Divide each of theſe. horary ſpaces, from mark to, mark, into 60 
equal parts for minutes of time; and er the hours to the proper acks 
in ſuch a manner, that the true tin of conjunRtian..of the Sun and 
Venus, 46. minutes after V in the morning, may fall intg the point u, 
where the tranſit- line cuts the axis of the ecliptic... So the point a ſhall 

denote the place of Venus's center on the Sun, at the inſtant of her 
ecliptical egnjunction with the Syn, and # (in, the axis Cr D of her 
orbit) will be the middle of her tranſit; which is at 24 minutes after V 
in the morning, as ſeen from the Earth's center, and reckoned by the 
equal time at Lond̃n. 1 e 

40. Take the difference of the ſemidiameters of the * Venus, 

15 12%, in your compaſſes from the ſcale; and with that extent, 
ſetting one foot in the Sun's center C, Jools the arcs. N. and I with 
the other, croſſing the tranſit-line in the points & and /; which are 
the points on the Sun's diſc that are hid by the center of Venus at the 
moments of her two internal contacts — the Sun's limb or edge, at 

M and N. the former of theſe is the moment of Venus's total ingreſs 
on the Sun, as ſeen from the Earth's center, which is at 28 minutes 
ofier IT in the morning, as reckoned at Z,qrdop ; and the latter is the 
moment when her egreſs from the: Sun begins, as ſeen from the 

EFarth's center, which is 20 minutes after VIII in the morning 
at London. The interval between theſe two contacts is 5 hours 

52. minutes. ... oo, ot 8 ET | 


1 9 8 % 


41, The central ingreſs of Venus on the Sun is the moment when 
her center is on the Sun's eaſtern limb at u, which is at 15 minutes 
after II in the morning; and her central egreſs from the Sun is the 
moment when her center is on the Sun's weſtern limb at w; which is 


at 33 minutes after VIII in the morning, as ſeen from the Earth's 
center, and reckoned according to the time at Londa. The interval 
between theſe times is 6 hours 18 minutes. bo PP 
2 e the ſum of the ſemidiameters of the Sun and Venus, 16 5 


ib, at the moments of her two external contacts wich the, Sun's 
limb. at $. and 77; or the moments of the beginning and ending 


of the. tranſit,, as ſeen from the Earth's center; the former of 


A 


< © 


which is at 3 minutes after II in the morning at Londen, and the 


43. Take the ſemidiameter of Venus, 372, in your compaſſes from 
the ſcale; and with that extent as a radius, on the points 9, E, f, I. r, 
as centers, deſcribe the circles HS, MI, OF, PN, V, for the diſc of 
Venus, at her firſt contact at 8, her total ingreſs at M. her place on 
the Sun at the middle of her tranſit, her beginning of egreſs at N, and 
her laſt contact at V. A ee mm on ae Cen 

44. Thoſe who have a mind to project the Earth's diſc on the 
Sun, round the center C, and to lay down the parallels of latitude 
and ſituations of places thereon, according to Dr. HALLEey's method, 
may draw Cf for the axis of the Earth, produced to the ſouthern 
edge of the Sun at 7; and making an angle ECF of 6* with the 
axis of the ecliptic CE: but he will find it very difficult and un- 
certain to mark the places on that diſc, unleſs he makes the Sun's 


ſemidiameter AC 1 5 inches at leaſt : otherwiſe the line CF is of no 


uſe at all in this proſection.— The following method is better. 

45. In Fig. 3. of Plate XVI. make the line AB of any convenient 
length, and divide it into 31 equal parts, each whereof ſhall be taken 
for a ſecond of Venus's parallax either from or, upon the Sun (her 
horizontal parallax from the Sun being ſuppoſed to be, 31”;) and 
taking the whole length AB in your compaſſes, ſet one foot in C 
(Fig. 4.) as a center, and deſcribe the circle A EB D for the Earth's' 
enlightened diſc, whoſe diameter is 62", or double the horizontal 
parallax of Venus from the Sun. In this diſc, draw ACB for a 
ſmall part of 44 3 ng and at ogy angles thereto draw E CD for 
the axis of the ecliptic,” Draw alſo VCS both for the Earth's axis 
and univerſal folar meridian, making an angle of 6* with the axis of 
the ecliptic, as ſeen from the Sun; Fc I for the axis of Venus's orbit, 
making an angle of 8* 31“ with ECD, the axis of the ecliptic ; and 
laſtly, FCO for a ſmall part of Venus's orbit, at right angles to it's 


% 
* 


406. This figure repreſents the Earth's enliglitened diſc, as ſeen from 
the Sun at the time of the tranſit. The parallels of latitude of London, 


the eaſtern mouth of the Ganges, Bencoolen, and the iſland of Sr. Helena, 
are laid down in it, in the ſame manner as they would appear to an 


obſerver on the Sun, if they were really drawn in circles on the Earth's 
ſurface (like thoſe on a common terreſtrial globe) and could be viſible 
at ſych a diſtance. —The method of delineating theſe parallels is the 
fame as already defcribed in the XIXth Chapter, for the conſtruction 


| of ſolar eclipſes.” - 


47. The points where the curve-lines (called hour-citcles): XI N. 
X N. Xa. cut the parallels of latitude, or paths of the four places 
TIS TY 5 above - 
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above- mentioned, are the points at which the places themſelves would 
appear in the diſc, as ſeen from the Sun, at theſe hours reſpectively. 
When either place comes to the ſolar meridian NC'S by the Earth's 
rotation on it's axis, it is noon at that place; and the difference, in ab- 
ſolute time, between the noon at that place and the noon at any other 
place, is in proportion to the difference of longitude of theſe two places, 
reckoning one hour for every 15 degrees of longitude, and 4 minutes 
for each degree.: adding the time + the longitude be eaft, but ſub- 
tracting it if the longitude be weſt, 1, 7 : 
48. The diftance of either of theſe places from HC I, the axis of 
Venus's * orbit at any hour or part of an hour, being meaſured upon 
the ſcale AB in Fig. 3, will be equal to Venus's parallax: in longitude; 
either on or from the Sun; and this parallax, being always contrary to 
the poſition of the place, is eaſtward as long as the place keeps on the 
left hand of the axis of the ecliptic, as ſeen from the Sun; and weſt- 
ward when the place gets to the right hand of the axis of the ecliptic. 

So that, to all the places which are poſited. in the hemiſphere HV 
of the diſc, at any given time, Venus has an eaſtern parallax of Jongi- 
tude ; but when the Earth's diurnal motion carries the ſame places into 

the hemiſphere H O., the parallax of Venus is weſtward; _-_._ + 
49. When Venus has a parallax toward the eaſt, as ſeen from any given 

place on the Earth's ſurface, either at the time of her total ingreſs or begin- 


ning of egreſs, as ſeen from the Earth's center; add the time anſwering to 
A 4 6 N . e Ine Hl we 4 . Fr L 1 11 4 
this parallax to the time of eee at the Earth's center, and the 
ſum will be the time thereof, as ſeen from the giyen place on the Earths 


ſurface: but when the parallax is weſtward, ſubtract the time anſwerin 
| thereto from the time of total ingreſs: or beginning of egreſs: as ſeen 


from the Earth's center, and the remainder will be the time as ſeen from 


the given place on the ſurface, ſo far as it is affected by this paral- 


lax,—The 9 5 of this is plain to every, one Who conſiders, that an 


eaſtern parallax ke: ps the planet back, and a weltern parallax carries 
it forward, with reſpect to. it's true place or poſition, at any inſtant of 
time, as ſeen from the Earth's center. 


Fo. The neareſt diſtance of any given place from JC O, the plane 
eee the 


of Venus 's orbit at any hour or part of an hour, being 


e <3 1 ä — end £ R547! 353-0 88. 1Rf13 eZ VLA SI 473 
-  ®. In the farmer Edition of this, I made a miſtake in taking the parallax in longitude in 
a line from the given place to the axis of the ecliptic, and perpendicular thereto z and 
the parallax in latitude from the given place to the plane of the ecliptic, and perpendi- 
cular thereto.—But in this edition, theſe errors are oorrected; which make ſome ſmall 
differences in the quantities of the parallaxes, and in the times depending thereon z- as 


e ſcale 


17 
2 


will appear by comparing them in this with thoſe in the former edition. 
5; 4 ern i * 6 , r 4 * 4 . 44 : he . « 
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| ſeate ABin Fig. 3 „WII be eq oa to Venus's 'parallax i in latityde, which 


18 northward frop the true” line of- her Path on the Sun as ſeen from the 
Earth's center, if the given lace be on the ſouth fide of the plane 


her orbit CO on the Earth's diſr; and the contrary, "if the give 


place be on the north fide of that plane; that is, the parallax is ge 


contrary to the fituatiom of the late 05. the Earth's diſe, Now reſpect 
to, the plane öf Veniiss orbit'th Sl, 


1: As the line of Veiius's' tratiſit i is FEY he Hiern himiſphers of 


the Sun s diſc, it is plain that a northern parallax in her latitude will 


cauſe her to deſcribe a longer line on the Sun, than if ſhe had 
no ſuch parallax; and a Gators” - parallax in latitude - will cauſe 
her to-deſcribe à ſhorter line on the Sun, than if ſhe had no ſuch 

rallax. And the lon r this line i is, the ſooner will her total ingreſs 
(ne and the later will be her beginning of egreſs ; and juſt the contrary, 
af the tine, be ſhorter, — But, to ene ſituated on the north ſide of 
the plane of her orbit, in the he phere Y H O, the parallax of lati- 
tude js:fouth; and to all places ſituated on the fouth ſide of the plane 
vf ber orbit, in the hemiſphere YTO, the parallax of latitude is north. 
Therefore, the line of the tranſit will be fhiorter to all places in the 
hemiſphere Ho, than 1 Will be as ſeen from the Earth's center, where 
there is n patallar at all; and longer toll places in the hemiſphere J IO. 
So that the time anſwering to this parallax muſt be added to the time 

of © total" = A as ſeen 152 the Earth's center, and fubtracted 


| the beginning f egreſs a as ſcen from the Earth's center, in order to 2 | 


the true time WF total! ing ſs and beginning of egreſs as ſeen from places 
H the hemiſphere FHO and Juſt 1 3 for places in the hemi- 
1585 VI 0 -R Was e 'to mention theſe circumſtances, for the 

reader's more cafify conceiving the reaſon of applying the times anſwer- 


ing th the par . 3 ude and latitude” in the fiibleq uent part 
e: for 


1s ther-famn in ons caſes, and their difference in 


ie hich being Applied to the times of total ingreſs and beginning 


of © epreſs as ſeen' Feng iche Earth's” center, that will give the times. 
ch exeof as ſeen from the given places on the Earth's farface. ' 
5 The angle isch d al Sun's ſemidiameter ſubtends, as feen Som 


the Earth, at all times of the year, has been ſo well ascertained by late 


obſervations, that we can make no doubt of it's being 15 50” on the 
day of the tranſit; and Venus's latitude has alſo been ſo well aſcertained 
at many different times. of grid that we have very good reaſon to believe 


it will be 9 43“ ſouth of the Sun's center, at the time of her conjunc- 
tion with the Sun A then, her ſemidiameter at that time be 37 T (as 


mentioned m Dr. HATIZT) it appears by the prehection (Fig: 2.) that 
her 
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her total ingreſs on the Sun as ſeen-from the Earth's center, will be at 
28 minutes after II in the morning Gre fd her beginning of egrels 
from the Sun will be 26 minutes after VIII, according to the time 
r 207 54 005 rmalnnggt p 
53. As thetotal ingreſs will not be-vifible-#t Lendm, we ſhall not here 
trouble the reader about Venus's pardllax at that time. But by projecting 
the fituatioh ef London on the Earth's Aiſd (Fig 4) for the time when 
the egreſs begins, we find it will then be at J, as ſeen from the Sun. 
Draw Id parallel to Venus's orbit VCO, and Ia perpendicular to it: 
the former is Venus's eaſtern parallax in longitude at her beginning of 
egreſs, and the latter is her ſouthern parallax in latitude at that time. 
Take theſe in your eempaſſes, and meaſure them on the ſcale 4 B 
(Fig: 3) and you will find the patalline in longitude: to be 10 2, and 
_ the parallak in latitude to be 211. 
Ff. As Venus's true motion on the Sun is at the rate of 4 minutes of: 
a degree in 60 minutes of time (See No XI. F $41.) ſay, as 4 minutes 
of - a degree is to 60 minutes of time; fo is 10% of a degree to 
2 minutes 41 ſeconds of time; which: being added to VIII hours 
20 minutes (becauſe this parallax is eaſtward, 9 49.) gives V HI hours 
22 minutes 41 ſeconds, for the beginning of egreſs at London, as- 
affected only by this parallax. But, as Venus has a ſouthern parallaæ 
of latitude at that time, her beginning of egreſs will be ſooner ;. for 
this parallax ſhortens the line of her viſible tranſit at Lndm 
55. As this parallax of latitude is /21"z' ſouth; add it to Venus's 
latitude 9 2. and the ſum will be 16% 4 ; which is to be taken from 
dhe ſeale in Fig. 1. and ſet from E te E in Fig. 2. And then, if a line be 
drawn parallel to 2 H it will terminate at the point p in the arc T, where. 
Venus's center will be at the beginning of her egreſs as ſeen from 
| Lindon v. But as her center is at Iwhen her egreſs begitis'as ſeen frem 
the Farth's Center, take L in your compaſſes, and ſetting that extent 
Yom t towards on. the central tranfit-line, you will find it to be 
5 minutes ſhorter than Ie therefote ſubtract 5 minutes frem VIH hours 
22 minutes 41 ſeconds, and there will remain VIII hours 17 minutes 
A1 ſeconds for the viſible begininglef egreſs in the morning at Lonabn. 
56. At V heurs 24 minutes (which is the middle of the tranfit 
« ſeen-from. the Earth's center) Londbm will be at L on the Earth's 


* 
. 


& 40 11 1189 A ell i 53.44 KN. 2 4 
The reaſon why the lines o Lp, 4 B, et, and b, 4vhich'are the-viſible trarifits 2t - 
Lindon, the Ganges mmh, Bencrolen, and _ — 77 not . to m—_— | 
tranſit-line 47 is, {becauſe the parallaxes in latitude are 1 at the times of ingreſs 
| —— 9 as Teen from each of theſe places. The meth dor drawing theſe Jines will 
be ſhewn by unc yr 1 „41 [3503-13 52 £13 UL Gail vi 2 GE 


1 "> 
S. 4 


diſc. 
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the morping (by $, 47+) at; the mouth of the Ganges; and. when. it is 


20 minutes pa 


Draw Ge and gi parallel to the orbit of Venus CO, and meaſure 


them on the: ſcale 4 B, in Fig. 3. the former will be 21” for Venus's 
eaſtern parallax in longitude, at the above-mentioned time of her total 
ingreſs, and the latter will be 16% for her weſtern parallax in longi- 


tude at the time when her egreſs begins. The former Fan fei 
ded 


5 minptes 15 ſeconds of time (by the analogy in 5 54.) to be: 
to VIII hours 24 minutes, and the latter parallax gives 4 minutes 


11 ſeconds to be ſubtracted from II hours 16 minutes; by which we 


# % 


| have, VIII hours 29 minutes 15 ſeconds, for the time of total ingreſs 


as ſeen. from the banks of the Ganges, and II hours 11 minutes 
49 ſeconds for the beginning of egreſs, as affected by theſe. parallaxes. 


Dray Gf perpendicular to Venus's.orbit-/'O C, and by meaſurement 
on the ſcale 4 B (Fig. z.) ĩt will be found to contain 10" ; which being 


taken from the ſcale in Fig. 1. and ſet off ſouthward from the point of 
total ingreſs & (Fig, 2. as ſeen from the Earth's center) parallel to the 
axis of Venus's path, it will fall into the point c on the arc N.—Draw 
Ot, and taking the extent tc in your compaſſes, and applying it from 
# towards &, you will find it to fall a minute ſhort of &; which ſhews, 
that Venus's parallax in latitude ſhortens the beginning of the line of 
her viſible tranſit at the Ganges by one minute of time. Therefore, as 
this makes the viſible ingreſs a minute later, add one minute to the above 
VIII hours 29 minutes 15 ſeconds, and it will give VIII hours 30 mi- 
nutes 15 ſeconds for the time of total ingreſs, in the morning, bf had 
1 2 %% 
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from. the eaſtern mouth of the Ganges. At the beginning of egreſs, 
the parallax of latitude gp is 2 (by meaſurement on the ſcale AB) 
which will protract the beginning of egreſs by about 30 ſeconds of 
time, and muſt e pan added to the above II hours 11 minutes 
49 ſeconds, which will make the viſible beginning of egreſs to be at 
II hours 12 minutes 19 ſeconds in the afternoon. _ | 
58. Bencoolen is 102 degrees eaſt from the meridian of London; and 
therefore, when the time is 28 minutes paſt II in the morning at 
London, it is 16 minutes paſt IX in the morning at Bencoolen; and 


when it is 20 minutes paſt VIII in the morning at London, it is 8 


minutes paſt III in the afternoon at Bencoclen. Therefore, in Fig. 4. 
Bencoolen. will be at B at the time of Venus's total ingreſs as ſeen from 
the Earth's center; and at þ when her egreſs begins. 


D - 


Draw BI and 64 parallel to Venus's orbit CO, and meaſure them 


on the ſcale : the former will be found to be 22“ for Venus's eaſtern 
parallax in longitude at the time of her total ingreſs; and the latter to 


be 19˙/ for her weſtern parallax in longitude when her egreſs. begins, 
as ſeen from the Earth's center. The firſt of theſe parallaxes gives 
5 minutes 30 ſeconds (by the analogy in & 54.) to be added to IX 
hours 16 minutes, and the latter parallax gives 4 minutes 52 ſeconds 


to be ſubtracted from III hours 8 minutes; whence we have IX hours 


21 minutes 30 ſeconds for the time of total ingreſs at Bencoolen; and 
III hours and 3 minutes 8 ſeconds for the time when the egreſs begins 
there, as affected by theſe two parallaxes.” -_ _ 1 
$9. Draw B v and m perpendicular to Venus's orbit / CO, and 
meaſure them on the ſcale 4 B: the former will be :5” for Venus's 
northern parallax in latitude as ſeen from Bencoolen at the time of her 
total ingreſs ; and the latter will be 15" for her northern parallax in 
latitude when her egreſs begins. Take theſe parallaxes from the ſcale 
in Fig. 1. in your compaſles, and ſet them off above the central tranſit- 
line, perpendicular to the axis of Venus's path; the former from the 
left Land of & (Fig. 2.) to à in the are N, and the latter from the 
right hand of / to 6 in the arc 7; and draw 4 B for the line of 
Venus's tranſit as ſeen from Bencoalen: the center of Venus being at a, 
as ſeen from Bencoolen, at the moment of her total ingreſs; and at 6 
But as ſeen from the Earth's center, the center of Venus is at E in 
the former caſe, and at / in the latter: ſo that we find the line of the 
. tranſit is longer as ſeen from Bencoolen than as ſeen from the Earth's 
center, which is the effect of Venus's northern parallax in latitude.— 
Take B a in your compaſſes, and ſetting that extent backward from : 
6 - AF: toward 
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toward g. on the central tranſit⸗ ine; you will find it ill roach: two 
minutes beyond & thereon : and taking the extent E ù in ydur cm 


paſſes, and ſetting it forward from : towards av, on tho central tranſit- 
line, it will be found to reach 3 minutes beyond I thereon! Conſe· 
quently, if we ſubtract 2 minutes from IX hours 21 minutes 30 fe- 
conds (above found) we have IX hours 19 minutes 30 ſeconds, in 
the morning, for the time of total ingreſs as ſeen from and 
if we add 3 minutes to the above found III hours 3 minutes 8 ſeconds, 
we ſhall have III hours 6 minutes 8 ſeconds aſter noon, far the time | 
when the egreſs begins as ſeen from Bencoolen. 

60. The whole —— of the tranſit, from total ingreſs to begin» 
ning of egreſs, as ſeen from the Earth's center, is 5 hours 52 minutes 
(by F 40.) but the whole duration from total ingreſs to beginning of 
egreſs, as ſeen from Bencoolen, is only 5 hours 46 minutes 38 ſeconds; 


which is 5 minutes 22 ſkoonds leſs than as ſeen from the Earth's 


center: and this 5 minutes 22 ſeconds is the whole effect of the paral- 
. —. in Row «Irons 72 0 on e of the tranſit at 
B 

2 dae Garston as ſeen at the e the Ganges; Som ingreſs | 

reſs, is ſtill leſs; for ie is only 5 PROS I 2 minutes 4 ſeconds: 
is 9 minutes 56 ſeconds leſs than as ſeen from the Earth's center, 

100 4 minutes 34 ſeconds leſs than as ſeen at Bencoolen,  - 

61, The iſſand of Sr. Heling to which only a bal part of the 
tranſit is viſible at the end) will be at H (as in Fig. 4.) when the 
egreſß beging as ſeen from the — center. | And 115 ince the naddle 
ef chat land is '6% weſt from ' the meridian of Lomm, and tha 
faid egreſs begins when the time at London is 20 minutes paſt VIII 
in the morning, it will then be * De pu: wang in the | 
N at St. Helena. 

Draw Hu parallel to Venus orbit 1 CO, and 9 
to it; and by meaſuring them on the ſcale 4B: (Fig. the —— | 
will be found to amount to 29” for Venus's caſtern e in longi- 
tude, as ſeen from St. Helena, when her egreſs begins as ſeen from 
Eartirs center; and the latter to be 6" for her — parti in : 
latitude at that time. 

By the analogy i in § 54, this parathax of longitude gives 10-minutes 
2 ſeconds of time; which being added — account of it's being eaſt- 


- ward) to VII hours 56 minutes, gives VIII hours 6 minutes 2 feconds 


ſor the beginning of egreſs at Sr. Helena, as affected by this c 
ax. — But 6” of parallax in latitude (applied as in the caſe of Bencvolen) 
E 3:0 out the end of the tranſit-line _ I Ny — 


A 
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added to. VIII hours 6 minutes 2 ſeconds, gives VIII hours 7 
a a ſeconds for the - 1begraning cob eb, as eh n FA 


62. We ſhall now] collect the Senate times 1 4 ſmall 


table, that they may be ſeen at once, ay EG M ſigniſies 
morning, A — | 


"5 ET EAI 2 5 i J o noleet k "fa ad : 13 
| 1 240 1882 Total in „Beg. 3 Duration. 
0 +7 Fete. H. M. 8. H. M. S. 
3 The Earth's center II 28 o M. VIE 20 OM. 5 52 of 
I Laadan — — Inviſible. M. VIII 17 41 NH. 1—— =; 
kt. The. Gorges mouth VI 30 15M. LH 12 19 A. 5 42 4 
56; 1b Beneqoten - = N IX 19 30 M. III. 6 8 A. 5 46 38 
85 Helena = = = Inviſible. A. VII 7 2 M. 1 — 


56 z. The times at the thre laſt-mentioned places arerofuoed to the 
meridian of London, by ſubtracting g hours 56 minutes from the times 
of ingteſs and egreſs at the Ganges; h hours 48 minutes from the times 
2 at-Bincoolen.;z and adding 24 minutes fo the tmp of beginning 
of egreſs : at Sf. Helena: and being thus reduced, * are as follows. 


00 Total in seg of egreſs. 855 
I 3 1: e. A'S! |: = M} AK as 
Times at Ganges mouth - II 34 15 M. VIII 16 1 

= - II 31 30 MH. vl 18 Far = 
Se. Helena Inviſible. A. VIII 31 2 M.] Coun 


64. All this is on ſuppoſition, that we have the tre wa of 


the _ laſt- mentioned places, that the Sun's horizontal parallax 


-» 


18 , that the true latitude of Venus i is given, and that her ſemi- 
Gamorer wit ſubtend an angle of 37 on the Sun's diſe. 


| As for the tongitudes, we neſt fappoſe them true, Ser =o 
ane e hien D of their beinen and 


„ This duration, as ſeen from che Earth's center, is on kippoſition ad the ſemi- 
diameter of "pee will be found equal to 37, on the Sun's diſc, as ſtated by Dr. 
Haliy (ſee Art. V. 5 31.) to which all the other durations are accommodated.— But, 
fram later obſervations, it is highly probable, that the ſemidiameter of Venus will be 
found not to exceed. 30 on the Sun; and if fo, the duration between the two internal 
eontałta, as ferm from the Earth's center, will be 5 hours 58 minutes; and the dura - 
tions, as ſeen from the eee places, will bs e. wy _— in the 
Lame Dr 85 
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The Method of finding the Diflances 
without which they can by no means find the interval of abGlute time 
chat elapſeth between either the _— or egreſs, as ſeen from any two 


ven places: and there is much greater dependance to be. had on 
555 elapſe, tham upon the whole contraction of duration at apy: given 


= as it will padoubtedly afford a ſurer baſis for determining the | 
un's 

65. I have good reaſon to believe, that the latitude of Venus, as 
given in F 3 i, will be found by obſervation to be very near the ruth ; 
but that. dne time of. conjunction there mentioned will be found to 
anticipate; the true time by almoſt 5 minutes; that Venus's ſemi- 
diameter will ſubtend an angle of no more than oon the Sun's 
diſe; and that the middle of her tranſit, as ſeen from the Earth's center, 
will de at 29 minutes after in the ee "88 "reckoned by. the 
equal time at London, - - 

66. Subtract VIII hours 17 minubes 41 . the time when 
the egreſs begins at London, from VIII hours 31 minutes 2 ſeconds, 
the time reckoned at Lond when the egreſs begins at Sz. Helena 
and there will remain 13 minutes 2 1 ſeconds (or 801 ſeconds) for 
the difference, or elapſe, in abſolute time, between the beginning of 
| egreſs as ſeen from theſe two places. 2 

Divide this elapſe of 801 ſeconds by the Sun' 8 parallax 12”, and 
the quotient will be 64 ſeconds, and a ſmall fraction. 80 that = 
each ſecond of a. degree in the Sun's horizontal parallax (ſuppo 
it ta be 125) there ill be a difference or elapſe of ee + 
4bſotate time. between the beginning of [egreſs- as ſeen from London, 
and as ſeen, from St. Hekna : and. conſequently, 32 ſeconds of time 


for every half ſecond of the Sun's parallax ; 16 ſeconds of time for 


every fourth part of a ſecond. of the Sun's parallax ; 8 ſeconds of time 
for the eighth. part of a ſecond of the Sun's: Parallax ; and full: 4. 
ſceonds: for a ; = a part of a ſecond. of the Sun's-parallax., 
For, in ſuch a ſmall angle as that of the Sun's parallax, the are is. 
70 85 both to it s ſine and to it's tangent : and therefore, the quantity 
this parallax is in direct proportion to the abſolute difference in 
the time of egreſs ariſing from it, at different parts of the Earth. 
65. Therefore, when this difference is aſcertained by. good obſerva- 
tions, made at: different places, and compared together, the true 
quantity of the Suns parallax will be very nearly determined. For, 
fince it may. be preſumed: that the beginning of egreſs can be ob⸗ 
ſerved within 2 ſeconds: of it's real time, the Sun's parallax may be 
then found within the 32d part of a ſecond of its true quantity; 
and conſequently, his diſtance. 2 be found within . a_4ooth -part of 
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che whole, providedhis parallax be not lefs'than 12: ; for 32 times 
T2=+ is 400. | 2 
. 68. But fince Dr. HAL LxV has aſſured us, that he had obſerved 
the two internal contacts of the planet Mercury with the Suns edge 
ſo exactly, as not to err one ſecond in the time thereof, we may well 
imagine that the internal contacts of Venus with the Sun may be 
obſerved with as great accuracy; So that we may hope to have the 
abſolute interval between the moments of her beginning of egreſs, as 
ſeen from London and from $5: Helena, true to a ſecond of time; 
and if ſo, the Sun's-parallax may be determined to the 64th part of 
a- ſecond, provided it be not leſs than 12; and conſequently his 
diſtance may be found, within it's 800th part, for 64 times 12+ is 
geo: which is ſtill nearer the truth than Dr, HAaLLey expected it 
might be found, by obſerving the whole duration of the tranſit in. 
the Eaſt- Indies and at Port-Nelſon. So that our preſent Aſtronomers 
have Joey reſolved. to improve the Doctors method, by taking 
only the intervaF between the abſolute times of it's ending at different 
places: If the Sun's parallax be greater or leſs than 12"+, the elapſe 
or difference of abſolute time between the beginning of egreſs at Lon- 
den and St. Helena will be found by obſervation to be greater-or- leſs- 
than 801 ſeconds. accordingly. © * | e 
69. There will alſo be & great difference between the abſolute 
times of egreſs at Sr. Helna and the northern parts of Ruſfaz which - 
would make theſe places very proper for obſervation. The difference 
between them at Tobolſe in Siberia and at St. Erna will be 11 
minutes, according to Dz-L'Is1zz's map: at Archanget it will be but 
about 40 ſeconds leſs than at Tobojſe ; and only a minute and a quarter 
leſs at Peterſburg, even if the Sun's parallax be no more than 102. 
At Marabus the fame advantage would nearly be gained as at Tobolſe : 
but if the obſervers- could go ſtill farther to the eaſt, as to Yakoutſ in : 
Siberia, the advantage would be ſtill greater; for, as Mr. De L'IsLt 
very juſtly obſerves, in a memoir preſented-to the French king with his 
map ofithe tranſit, the difference of time between Venus's egreſs from 
the Sun at Tutoutſe and at the Cape of Good Hope will be 134 minutes. 
. 70. This method requires that the longitude of each place of ob- 
ſer vation · be aſcertained to the: greateſt degree of nicety, and that each 
obſerverꝰ's clock be exactly regulated to the equal time at his place: 
for without theſe particulars, it would be impoffible for the obſervers 
to reduce the times to choſe which are reckoned” under any given 
meridian; and without redueing the obſerved times of egreſs at 
different. places. to the time at ſome giyen place, the abſolute time that 
„ „„ elapſeth. 
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elapfeth between the egreſs-at ano place and at ancther could Wette - 


_ But the longitudes may be found, by obſerving the eclipſes 
of Jupiter's 'ſatellites ; and a true meridian, for regulating the clock, 
to the time at any place, may be had, by obſerving when any given 

far, within 20 or 30 degrees of the pale, is ſtationary, with regard ta 

it's -azimuth; on the eaſt and welt ſides of i the pole: the pole itſelf 
bang the middle point hetween theſe two ſtatinnary poſitions of the 
ſtar. And it is not material for the obſervers to know: exactly either 
true angular meaſure of the i Sun's, diameter, or of Venus's, in 

is caſe j for whatever their diameters be, it will make no ſenſible 

. in the ohſerved interval between the fame contact, as been 

from different places. 

1. In the geometrical. allen am ob. tranſits, de Gale AB 

(Fig. 3. of Plate XVI.) may be divided into I given number of 

equal parts, anſwering to any afſumed yu Venus's horizontal 

arallax from the Sun (Which is — the 3 between the 
zorizogtal parallax of Venus and that of che gun) provided the 
whole levgth of the ſtale be cqual to the fexnidiamatar of the Earth's 

in Fig. 4.— Thus, if we - Venus's horizontal parallax 

— wo — 26 (i of 34”) lo which cold. the bunk | 

horizontal parallax muſt be 10".3493, as in 5 2, the reſt of the 

projection will anſwer to that ſcales as CD, which contains only 

26 equal parts, is the ſame length as 1 B, which. contains 21. And 

| by working in all ther reſpects as taught from 9 45 to $62, you 

— _ of mo 22 an beginning ot egreſs; rears 
eonſequ % duration tranſit. at any given place, which 

n parallax. 

— of thin king, it may be eaſily eanceived, that a 
: R and a 
given point of the Earth, and produced to the Sun's diſc, will 
mark the path of Venus on the Sun as ſeen from the given point of 
the Earth: and in this there are three caſes. - 1. When the given | 
point is the Earth s center, at which there is no parallax, either in 
longitude or latitude. 2. When the given point is ane of the poles, 
r ä — of latitude, 
whole quantity is eaſily determined, letting: fall a perpendicular 
from the pole r orbit, and ſetting off the 
parallax of r the pale wenfü- 
lines will be to the central; as the pales have no motion 
ariſing from Earth's diurnal rotation, - 3. The laſt caſe is, when 
. it's furface, whaſe latitude 
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of the Planets from the Sun. 
is 'efs than. go-degrees : then there is 2. ratiax in/latitude:propor 


| | _ aboveſaid plane, 2 * 
the given point; a parallax in rtional to tha 
—— fall upon the axis of that — — the ſaid given 
int. of this laſt will be to alter the tranſit- line, 

i and length; and will prevent it's being parallel to 

the central tranſit- line, unleſs "when it's axis and the rig of — 
incide, as 2 e eee 


. TIGLE VL. | 
: Concerning the wap of the tranft. Plate VE. 


WI The title of this map, and the lines 3 together 
with the words annexed to theſe lines, and the nu ours and 
minutes] on the dotted lines, explain the whole of * „ that no 
farther deſcription ſeems requiſite. 
25 80 far as L can examine de map by s ; the black 
wu lines are in general pretty well. laid down, ſor ſhewing at 
what places the tranfit will 
| Fetting,. to all thoſe places through which they are 
| e Only 1 q 
tranfit will begin at ſun - riſe to 2 place M 
of the Neu- Sra; and amn 
riſery to the northmoſt 
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- once, than in 'the map from which 1 copied : for, in that dap, the 


lines are interrupted and broke in the meridian that divides the 
hemiſpheres; and the places where they ſhould join cannot be per- 
ceived ſo readily by thoſe who - are not well ſkilled in the nature 
of ſtercographical projections.— The like may be ſaid of many of 
the 2 curve lines, on which are expreſſed the hours and minutes 
of the beginning or ending of the tranſit; which are the: abſolute 


times at theſe places through Sa the. lines are Oy com n 
to the meridian of London. | 2 


ARTICLE VII. 


Contaitiing an Account '6 of "Mr. Hoax; 1— | 
of the Tranſit af Venus over the Sun, in the Year 
1639; ar it it ' publiſhed in the Annual F 
Fer the, Tear. 170d, .. 318181 5 erde | . 


6. | When Nr firſt confirotted. R _ Tae 

2 the obſervations of Hebo, he ſoon became nods that . the 
Planets, Mercury and Venus would ſometimes paſs over the Sun's diſc ; 

and he predicted two tranfits of Venus, one for the year 1631, —_ 

che other: . in a tract publiſhed at Leipſck in 1629, entitled 

, Sc. Kepler died ſome days before the 


2 in. 1634, wbich he had predicted was to have happened. 


Gaſſendi looked for it at Paris, but in vain (ſee Mercurius in Sole 


— Us, & Venus inviſa.) In effect, the imperfe& ſtate of the Rudol- 


ine Tables was the cauſe that the tranſit was expected in 1631, 
hen none could be: obſerved; and thoſe. very tables did not give 


| xeaſon to expect one in 1639, when one was really obſerved. 


When our illuſtrious . countryman Mr. Hoxrox firſt applied him- 
Alf to Aſtronomy, he computed Ephemerides for ſeveral. years, from 
uns Tables. After con! his labours for ſome time, 


he. was enabled to. diſcoyer the imperfection of theſe tables; upon 
Which he laid aſide his work, intending to determine the poſitions of 
the ſtars from his own ohſervations. But that the former part of 
his time ſpent in. calculating from Lanſbergius. might not be thrown 
away, he made uſe of his Ephemerides to point out to him the ſitua- 
tions of the planets. From hence he foreſaw when their conjunctions, 


their appulſes to be fixed , and the moſt remarkable Phenomona 
PY ; in 5 


in the heavens would happen; and prepared himſelf with the greater 
care to bee them. — lf dP ee 
Hence he was encouraged to wait for the important obſervation of 
the tranſit of: Venus in the year 1639; and no longer thought the 
former part of his time miſpent, ſince. his attention to .Lanſtergius's. 
Tables had enabled him to diſcover: that the tranſit would certainly 
happen on the 24th of Nevember.: However, as theſe tables had ſo 
often deceived him, he was unwilling to rely on them entirely, but, 
conſulted, other tables, and particularly thoſe of Kepler; accordingly, 
in a letter to his friend William Crabtree of Mancheſter, dated Hool, 
October 26, 1639, he communicated his diſcovery to him, and earneſtly 
deſired him to make whatever obſervation he poſſibly could with his 
teleſcope, particularly to meaſure the diameter of the planet Venus; 
which, according to Kepler, would amount to 7 minutes of a degree, 
and according to Lanſbergius to 11 minutes; but which, according 
to his own proportion, he expected it would hardly exceed one 
minute. He adds, that according to Kepler, the conjunction will be 
November 24, 1630, at 8 hours 1 minute A. M. at Manucleſter, and 
that the planet's latitude would be 14. To“ ſouth; but according 
to his on corrections, he expected it to happen at 3 hours 57 min. 
P. M. at Mſancheſter, with 10“ ſouth latitude. - But becauſe a ſmall. 
alteration in Kepler's numbers would greatly alter the time of con- 
junction, and the quantity of the planet's latitude, he adviſes to watch 
the whole day, and even on the preceding afternoon, and the morn- 
ing of the 25th, though he was entirely of opinion that the tranſit, 
would happen on the 24th. _ CVVT 0 
After Sing fully weighed and examined the ſeveral methods. 
of obſerving this uncommon» phenomenon, he determined to tranſmit 
the Sun's image through a teleſcope into a dark chamber, rather 
than through. à naked aperture, a method greatly commended by 
Kepler; for the Sun's image is not given ſufficiently large and diſtinct 
by the latter, unleſs at a very great: diſtance from the aperture, Which 
the narrowneſs of his ſituation would not allow of; nor would 
Venus's diameter be well defined, unleſs the aperture were, .;yery. 
ſmall; whereas, his teleſcope, which rendered the folar ſpots diſtinctly, 
viſible, would ſhew him  Venus's diameter well. defined, and enable, 
him to divide the Sun's limb more accurately. „Gi vel cr 
He deſcribed: circle on paper Which nearly equalled: ſix inches, 
the narrowneſs of the place not allowing a larger ſize; but even 
chis. ſize admitted diviſions ſufficiently, accurate. He divided the 
eircumſerenge into 30 degrees, and the diameter into 30 equal rech 
— 10 N 4 TY y ; . ch 
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enn of -which/were : ſubdivided. into 4, and: the whole: therefore. 
into 120. The ſubdiviſion might have {till been carried __ but- 
he truſted rather to the accuracy and niceneſs of his eye. . 
- When the time of obſervation drew: near, he aq;uſted the apparatus, 8 
and cauſed the Sun > apa os image exactly to fill the circle on the 
and though he could not expect the planet to enter upon the 
8. diſe before three o' clock in the afternoon of the 24th, from his 
en oorrected numbers, upon which he chiefly relied; yet, becauſe 
the- calevlations in general frotn otlier tables gave the time of conjunc- 
tion much ſboner, and ſome even on the 23d, he obſerved the 8un from 
the time of it's rifing to nine o clock; and again, a little before ten at noon; 
and at one in the aſternoon, being eulled in the intervals to bufineſs.of 
the higheſt moment, which he could not neglect. But im att; theſe 
times he faw nothing on the Sun's face, except one ſmalb ſpot, which 
he had ſeen on che preceding day; n he afterward ſaw 
on ſome of the following days. 
But at 3 hours 15 . in the 3 which wat the firſt 
opportunity he "yp of's ting his. obſervations, the clouds were en- 
him 6 feize this favourable oerafion, which 
ſeemed to —. Bendaly throw in his way; fer he then beheld the 
| moſt agreeable ſight; a ſpot; Which had been the object of his moſt: 
fariguine wiſhes, r an unuſual ſme, and of a perfectly cireular ſhape, 
juſt wholly entered upen dhe Sun's dife on the toſs ade; ſo that the 
limbs of dun and Venus perfectly coincided in the very point of 
contact. He was immediately fenfible- that this round; ſpot! was the 
planet Venus, and Ned. himſelf with the utmoſt care ty! proideuce: 
: his obſerya tons. | 
. And, ;"with regard to che inclination, he found; . 
diameter the ziecke ſet perpendicular to the horizon, the plane of 
| the circle being ſome what reclined on account of the Sun's. 
3 chat Venus had wholly entered upon the Sun's diſc, at 3 hours 
1 | r& mihutes;” at about 629 30 certainly between 60 and 655) from 
| the vertex toward the right hand (Theſe were the appearances within 
. the dark chamber, where the Sun's imape and motion of the planet 
4 | . thereon were” both inverted and reverſod.) And this inclination con- 
1 tminved cenſtant, at leaſt to all ſenſe, "al be had — the e of 
= | 2 Coy | erging 
| "Phd ditances obſerved tai a Is: the 
| Pies Free ra follows. At 3 hours f minutes by the clock, the 
See, 14 24 at 3 hours. 3 5 minutes; the diſtance was 13. 30“; 
at 3 Wars * „ was —* “% The * *. 
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of ſun / ſetting was at eee, ance 
45 2 den the Sun a the coo 15 the 
9 "He found Venues diameter, b repeated obſer | 

e enuss ter 5 0 rvations, t 
exceed a chirtieth part of the Sun's. dere by a fixth, or at maſt a 
fifth ſubdiviſion. The. diameter ther e of the Sun to that of 
Venus may de expreſſed, as 30. to 177725 * certainly did Not 


amount to 1.39, nor yet to 1. 20. And this was found, 7 HT 
removed 


Venus as' well when near the Sun's Jignbs as when, farther 
from it. 


Ihe place where this obſervation was made, was an  gbſcurevillag e 


called Hool, about 15 miles northward from 3 The. latitude 


of Liuenpol had been often 2 by Horror to be 53e 20; 
and therefore, that of Hool will be 5 The longitade of boch 
ſeemed to him to be about 22 30 Pt FALL Nands; that is, 
1% 15 to the weſt of Uraniburg. 


Tzheſe were all the Seer which 's the ſharels of. dhe time 
allowed him to make per n this moſt remarkable and, uncommon fight; 
Wever 


all chat oould be done in ſo ſmall a {pace of time, he very 
happily executed; and ſcarce any thing farther remained for him to 
deſire. In regard to the inclination — he could not obtain the 
utmoſt exaCtneſs 3 for it was extremely difficult, from the Sun's rapid 


motion, to obſerve it to any certainty within the degree. And he 
Th enuouſly confeſſes that he neither dig, nor could poſfibly perform Y 
The 


s are very much to be depended ben; and as exact as he could 


1 Caen at Mancheſter, wives Mr. HG had ee to 
oblerve this tranſit, and who in mathematical knowledge was inferior 
to few,, very. readily complied with his friend's requeſt; but the ſlr 
was very unfayourable to him, and he had only one fight of Venus on 
the Sun's diſc, which was about 3 hours 35 minutes by the clock; 
the Sun then, for the firſt time, N oũt from the clouds; at 
which time, he ſketched out Venus s fituation, upon paper, which 
Horrox found to coineide with his own obſervations. 

Mr. Horrox; in his treatiſe on this ſubject, publiſhed by. Hevekus, 
and from which almoſt the whole of this account has been collected, 
hopes for pardon from the aſtronomical: world, for not making his 
_—_ ce more publick.; ; but his diſcovery was made too late. He 

— however, in the ſpirit of a true philoſopher, that other 
— were happy enough to obſerve it, who might either con- 
_ or correct his abſeryations.  - But. {pb Aa was repoſed i = 

IDIS, "EP 2 the 
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che tables at that time, that it does not ippbar that this tranſſt of Venus 
was obſerved by any beſides our two ingenious eountrymen, who pro- 
ſecuted their aſtronomical ſtudies with ſuch eagerneſs and preciſion, 
that they muſt very ſoon have brought their favourite ſcience to a 
| of perfection unknown at thoſe times. But bee , 
Mr. Horrox died vn the 3d of January 1640.1, about the age of 25 
juft after he had put the laſt hand to his treatiſe,” entitled, Venus in 
Sole viſe, in which he ſhews himſelf to have had à niore accurate 
knowledge of the dimenſions of the Solar Syſtem than his earned 
commentator Hevelius, ——So far the Annual Regiſten. | 
In the year 1691 * Dr. HAarLey gave in à paper upon abt 
of Venus- (See Lrithoryes Abridgement of the Philoſophical Tranf. | 
actions, pag. #34) in which he öbſerves, from the tables then in uſe,, 
that Venus returns to a conjunction with the Sun in her aſcending node 
in 2 period of 18 years, wanting 2 days 10 hours $25 minutes ; but 
that in, the ſecond cpnjunction ſhe will have got 24 41 farther to the. 
ſojith® than in ce rer ag. Fhat after a "Period of 235 years 
2 beurs tc. minutes 9 ſeconds,” ſhe fetürts to a eofhunchen more to 
the north by 11 3 and after 243 years,” wanting 43 minutes, in a 
point more to the fouth by 1 3 8* But if che fecond conjunction | is in 
the year next after biſſextile, It will e a day aten „ 
The intervals of the corhünctions t. cle Teſcending node are ſome- 
what different. The r happens In a period of 8 years, wanting 
2 days 6 hours 55 minutes, Venus bei ing! get more to the north by 
Yo" 58". © Aﬀer 275 years 2 days 8 hours 18 minutes, ſhe is 9 2 1 
more ſoutherly : only, if the firſt year is a biſſextile, a day muſt be 
_ And after 245 years o days 1 hour 23 minutes, the conjunc- 
tion — * 10 37“ more to the north; or 4 ay later, if the firſt year 
was Viflextfle. It is ſuppoled, as in the. olg le, tat all the centurial 
ears Be Biedbleg nn Yo bot od Dos nie of eee, yon 
Hence, Dr. HaLLzvy finds the years im which a trend may Wappen 
at the aſcending node, in the month of November (old ſtile) to be 
chick 979% 1787, 1396, 16311639, 1874; £109, 42175 and the 
tranſits in the month of” "May" "(old ſie): at the deſcending- node, 
to be in theſe Vers 1084 72837 s, 25265 175, x769, 1996, 
2004. * r D Aer 200%} nh 
In the firſt caſe, Dr. Harrer abe the viſible lsst of 
Venus's orbit to be 9* 5, and her horary motion on the Sun 4 70. 
In the Uattor,” ho" finds _ viſible r mr} t0. be * 8 nd ht | 
teen le, a dle ene a Lehe 5. per, e 4 n. 
| = 


F the Planets from the Sun. 
Forary motion 40%. In either caſe, the greateſt poſfible duration of 


a tranſit is 7 hours 56 minutes. nt brag 
Dr. HartLey could even then conclude, that if the interval in time 
between, the two interior contacts of Venus with the Sun could be 
meaſured to the exactneſs of a ſecond, in two places properly ſituated, 
the Sun's parallax might be determined within it's 5oodth part.—But- 
ſeveral years after, he explained this concluſion more fully, in a paper 
concerning the tranſit of Venus in the year 1761; which was pub- 
liſhed in the Philoſophical Tranſactions, and of which, the third of 
the preceding articles is a tranſlation ; the original having been wrote in 
Latin by the Docter. „ ee ee ee oc re RG 


ent $4151 e R T1 © BE - VR: 

Containing a ſhort account of ſome obſervations of the Tranſit 
% Venus, A. D. 1761, June 62h, Mew Stile; and the 
Aiſtances of the planets from the Sun, as deduced from 
. thoſe obſervations. | | | £5 hs hs rr 


Early in the morning, when: every aſtronomer .was prepared. for 


_ obſerving the tranſit, it unluckily happened; that both at London, and 


the Royal Obſervatory at Greenwich, the ſky was ſo overcaſt with 
clouds, as to render it doubtful whether any part of the tranſit ſhould 
be ſeen :—and it was 38 minutes 21 ſeconds. paſt 7 o'clock (apparent 


time) at Greenw:!sh, when the Rev. Dr. Bl:js, our Aſtronomer Royal, 


firſt faw Venus on the Sun; at which inſtant, the center of Venus 
preceded the Sun's center, by 6' 18".g of right aſcenſion, and was 


louth of tlie Sun's center by 18 42“. 1 of declination.— From that 


time to the beginning of egreſs the Doctor made ſeveral obſervations, 


both of the difference of right aſcenſion and deelination of the centers 


of the Sun and Venus; and at laſt found the beginning of egreſs, or 
inſtant of the internal contact of Venus with the Sun's limb, to be at 
8 hours 19 minutes o ſeconds apparent time. From the Doctor's own 
obſervations, and thoſe which were made at Sbirburn by another 
gentleman, he has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus was at 51 minutes 


20 ſeconds after 5 O clock in the morning; that the place of the Sun. 


and Venus was II (Gemini) 15% 30 330; that the geocentric lati- 


tude of Venus was 9“ 44% ſouth, —her horary motion. from the 


Sun 
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Sun 3 51g retrogra end the angle then formed by the axis of 
the equator, and the axis of the ecliptic, was 6 34 decreaſing 
hourly-1 minute of n degree.—By- the mean of three good oblerva- 
tions, the diameter of Venus on the Sun was 587, 

Mr. Short made his -obfervations at . in JAS 
o ſeconds in" time weſt from -Greemoich, in preſence of his royal 


e Villam, prime and prince Frecpricł.— He f ſt flaw 


| after 5 o'clock; and at 6 minutes 12 ſeconds he meaſured 
the diameter of Venus 59.8. — * afterward found it to be 380.9 
when the ſky was more favourable.— And, through a refleQing g 
teleſcope of two feet focus, magnifying 140 times, he found the 
internal contact of Venus with the Sun's limb" to be at 8 hours 


18 minutes 215 ſeconds a time; which, being reduced to the 


apparent time at Green was b hours 18 minutes 514 ſeconds : 1d 

that his time of ſeeing. the contact was 8 ſecands ſooner (in nen 
time) then the inſtant of it's being ſeen. at Greemvich. 

Meflrs. Ellicott and Dollond oblerved the internal contact at Bbg 


and their time of ſeeing it, reduced to the time at Greenwich, was at 


8. hours 18 minutes 56 ſeconds, which was 4 ſeconds ſooner in abſo- 
Jute time than the contact was Teen at Greenwnth. | 


"Mr," Cuno in 'S tel Square, Landen f. IT west N : 


Ne ry tg $ 44 thirds of time) thaaſuved-the'Suh's diameter 


db REL w. the apparent time of che internal contact of Venus 
with the Sun's limb to be at 8 hours 18 minutes 41 ſeconds; which; 
by reduction, was only 25 ' Teconds ort . che time- at n 
Obſervatory at Gy: 9 N 
The Reverend Mr. Rickard. Haden, a 
{16 minutes 10 ſeconds in time weſt from London, as ſtated by 
. Bevis) obſerved the internal contact to be at 8 hours o minutes 
20 ſeconds,” which by reduction was 8 hours 16 minutes 30 ſeconds 
at Oveenwith : ſo that he muſt have ſeen it 2 minutes 30 ſeconds 
ſooner in-abfolute time than it was Teen at Greenuich—a difference by 


much tod great to be occafioned by the difference of parallaxes. But 


by a memorandum of Mr. Haydns ſome years before, it appears that 
he then ſuppoſed his weſt ends to be near two minutes more; 


which brin FF his time to agree within half a minute of the time at 


Greenwich”; do Which 25 p- rallaxes x will very nedely: anſvury!: n ons 


9 «4 — 
* * 
a PI. is „ 
15 | t 


ee the duke of Tirk,- — — by their royal dates 
— on the Nun Geo e. at 46 minutes 37 ſeconds 


and the diameter of Venus on the Sun: 58“; and by 


Led, in — a 


OV PE LA 


of the Planets 00 che Sun. 


At Stockbolm Obſervatory, latitude north, and l. 
1 hour 12 minutes -eaſt from Grirnurc 2 whole of the tranſit — 
viſihle: the total ingreſs was obſerved. by Mr. Wargentm to be at 
3 hours 39 minutes 23 ſeconds in the morning, and the beginning 
af egreſs at 9 hours 30 minutes: $ ſeconds: fo that the whole dura- 

tian between the two internal cuntacts, as ſeen at that place, was 

5 hours 50 minutes 4 5. fecands.. 

At Ter nes in Lapland (x hour 27 minutes 28 ſeconds. eaſt of Paris) 
Mr. Hetizf, who is eſteemec a very good: obſerver, faund the total 

ingreſs to be at 4 hours 3 minutes 5g fecands 3 and — of of 

_ egreis to be ꝙ hours 54 minutes 8 frconds.—80 that, the whole 
py the two' internal 423 was 5 hours ———— 

9 ſeconds. (ene 

At Hernoſand, in S reden | (latitude 6e 38, north, and longitude 
1 hour a minutes 12 feconds eaſt of Pans Mr. Giſtær obſerved the 

total ingreſs to be at 3 hours 38 minutes 26 feconds; and the be- 
ginning of egreſs to be at 9 hours 29 minutes 21 feconds—the 

duration between theſe two internal contadls: g. hours Nene 

56 ſecondsc | 

Mr. De = dn obſerved the beginning of cf to be 
at 8' hours 28 minutes 26 ſeconds apparent time. But Mr. Frenar 
(ho was then at Conflans, I r weft of the Royal Obſervatory at 
Paris) obſerved the beginning of egreſs to be at 8 hours 28 minutes 
29 ſeconds'itraec time. The equation, or difference between the true 
and apparent time, was 1 minute 54 ſeconds. The total ingen —_— 
before the Sun 105 could not be ſeen. 

At Tebohſt, in Siberia, Mr. Chappe obſerved the total ingreſs. to be at 
7 hours o minutes 28 ſeconds in the morning, and the beginning of 
egteſs to be at 49 minutes 205; ſeconds after 12 at noon.— So that, the 

whole duration of the tranfit between: the internal contacts was 5 hours - 

48- minutes 524 ſeconds, as ſeen at that place: which was 2 minutes 

3+ ſeconds leſs than as ſeen at. Hernoſand in Sueden. 

At Madraſi, the Reverend Mr. Hirft obſerved the total ingreſs to 
be at at 7 hours 47 minutes 55 ſeconds apparent time in the morning; 
and the beginning of - egreſs at 1 hour 39 minut's 38 ſeconds: paſt 
noon.—The duration between theſe two: internal contacts was 5 hours 

* minutes 43 ſeconds. 

Profeſſor Masbenci at Bologna WY Wis" the begiraing of _ s to 

be at ꝙ hours 4 minutes 58 ſeconds. 8 8 

At Calcutta (latitude 22 30“ north {nearly: 920 eaſt longitude from 
Lad, * Milliam Magee obſerved the total ingreſs to be at 8 hours 

+. 20 


. — r 
— . 4 Agar be. — 2 oy 
: #4 of 


n 6 0 
_ a _— g = 
— — — 


352 


The Methid of belag the Diftatces 


26:minuteses: ſeconds in the morning, and che beginning of egreſs 
to be at 2 hours 11 minutes 34 ſeconds in the afternoon. The. 
duration between: ee internal aten 5 hours 50 ne | 
36 ſeconds. 3.46 | 


At che Cape of Good Hope (1 hour is minutes 35 abel caſt * | 


Green rich) Mr. Maſon obſerved the beginning of groſs to be at? 


2 hours 39 minutes 50 ſeconds in the morning. 3. 
All theſe times are collected from the obſervers“ PER inde 
in the Philoſophical Tranſactions for the years 1764 and 1763, in 
vrhich there are ſeveral other accounts that I have not tranſcribed. The 
inſtants of Venus's total exit from the Sun are likewiſe mentioned, 
but they are here left out, as not of any uſe for finding the Sun e 
parallax. 5 
| Whoever compares- theſe times of the internal contacts, as given 
in by different obſervers, will find ſuch differences among them, even 
thoſe which were taken upon the ſame ſpot, as will ſnew, that the 
inſtant of either contact could not be ſo accurately perceived by the 
abſervers as Dr. HALLxVY chought it could: which probably ariſes- 
from the difference of people's eyes, and the different magnifying 
powers of thoſe teleſcopes through which the contacts were ſeen.—If 
all the obſervers had made uſe of equal magnifying powers, there 
can be no doubt but that the times would have more nearly coin- 


cided : ſince it is plain, that ſuppoſing: all their eyes to be equally 5 


quick and good, they whoſe teleſcopes magnified moſt, would 
er Pain of interhal- contas nee and oft: the ent 
exit late 34: a 4 


Mr. Short his taken an incredible: deal of. pains in ain the 


quantity of the Sun's ax, from the beſt of thoſe obſervations 


which were made bath in Britain and abroad: and finds it to 
have been 8“ 52 on the day of the tranſit, when the Sun was very 
nearly at his greateſt diſtance from the Earth; and conſequently. 
8”.65 when the Sun is at his mean diſtance from the Earth. And 
indeed, it would be very well worth every curious perſon's while, 

to purchaſe the ſecond part of Volume LII of, the Philoſophical 
Tranſactions, for the year 1763; even if it contained ann, more 

than Mr. Short's paper on 2 ſubject. 

The log. ſine (or tangent) of 8. 65 is 5. 6219140. which being ab 
tracted from the radius 10. 0000000, leaves remaining the logarithm 
4. 3780860, "whoſe number is 23882. 84; which is the number of 
letnidiametere of the Earth that the Sun is diſtant from it.— Aud 


this laſt number, 23882.84, being multiphed; by: 399 5, Ln n 


4 


of de Plrnert from the Jun. 


of gli miles dontained in the Earth's ſemiddiameter, gives 
955. 173,117 miles for the Barth's mean diſtance froth the Sun. ut 
deonuſe it is impoſſible, from the niceſt obſervations of: the Sun's 


parallax, to be ſure of his true diſtance from the Earth within 


100 miles, we ſhall at preſent, for the fake of round numbers, 
Mate the Earth's mean diſtance from the Son xt 95,173,000 g 

And then, 4 the numbers and analogies in 8 11 and 1 U this 
Diſſertation, . we find the mean diſtances of all the reſt f the 
planets from the Sun in miles to be as follows Mercury's diſtance, 


36,841,463 ; Venus 5 diſtance, 68,891,486 ; Mars's distances, 
; 445811483 Jupiter's diſtance, 494-990-976 3 and Saturns Giftance, 


997,956,130 *. 

So that, dy comparing theſe diftances with thoſe in the Tables at 
the end of the chapter on tire Solar 8yſtem 4, it will be found that 
the dimenſions of the Syſtem ate much greater than what was 
formerly imagined ; and confequently, that the Sun and all the 
ö than us ſtated in that 


The ſemidimmeter of the Earth's annugl orbit being Equal 66 the 


viz. 9 5, 173, ooo miles, the whole 


diameter chereof is 190,346,000 miles. And fince the circunt- 
ference of 4 cirele is to it's diameter as 355 is to 113, the 
circumference of the Eatth's orbit is — — | 

And, as the Earth deſcribes this orbit in 365 RD hours (or 
in 8766 hours) it is plain that it travels at the rate of 68,216.9 miles 
every hour, and conſequently 1136.9 mites every minute; ſo that 
it's velocity in it's orbit is at leaſt 1 times as great as the 


velocity 
of à cannon»ball, ſuppoſing the bal to move. thro 8 Miles in 2 


——— —_ at this rate it 


would take 22 years 248 days for a cannon-ball to go from the = 


Earth to the Sun. 2 - 
On the zd of June, in the year 1769, Venus will again paſs over 
the Sun's EY 4 ſuch a manner, as to afford a much eaſier and 
better method of inveſtigating the Sun's parallax than her tranfit in 
the year 1761 has done.——But no part of Britain will be 
for obſerving that tranſit, ſo as to deduce any thing with reſpect to 


Wben I computed the diſtances in the laſt line of $194, pag. 76, Tl I had heard that 
the Sun's parallax was found to be 8”,69 ; which occaſions difference between 


thoſe diſtances and theſe which ariſe here from the parallax 8.65, as I found it 


CC + Fronting pag. 31. 
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the Sun's parallax from it, becauſe it will begin but a little before 
ſun-ſet, ee ag wil be quite over before 2 O clock ngxt morning. The 


e of conjunction of thé Sun and Vehus, according to 


+ 557. Hat HATLEV's Tables will be at 13 minutes paſt io o'clock at night 


at Londen ; at which time, the geocentric latitude of Venus will be full 
10 minutes of a 2 north from the Sun's center: —and therefore, as 


ſeen from the northern parts of the Earth, Venus wilt be conſiderably 


depreſſed by parallax of latitude on the Sun's diſc ; on which account, 
the viſible duration of the tranſit will be lengthened : and in the 


ſouthern parts of the Earth ſhe will be elevated by parallax of lati- 


tude on the Sun, which will ſhorten the viſible duration of the tranſit, 


Voith felpect to- it's duration as ſuppoſed to be ſeen from the Earth's 
ceriter ; to both which affections of duration the parallaxes of longi- 


tude will alſo conſpire. —So' that, every advantage which Dr. HALLEY 
expected from the late tranſit will be found in this, without the 
leaſt difficulty or embarraſſment.—It is therefore to be hoped, that 
neither coſt nor labour will be ſpared in duly obſerving this tranfit ; 

eſpecially as there will not be ſuch . opportunity again in leſs 


than 105 years afterward. 


The mioft proper places for obſc ing he tranft in the year »969 is 


Ii the cotthern Tenant an the Solomon Jes in the great 


South-See ; at the former of which, "this viſible duration between the 
two internal contacts will be at leaſt 22 minutes greater than at the 
latter, even though. the Sun's parallax ſhould not be quite 9. If 
it be 9 (which is the quantity I had aſſumed in a delineation. of this 


tranſit, 1 Society before I had heard what 
Mr. Short had made it from the obſervations on the late tranſit) the 
difference of the viſible durations, as ſeen in Lapland and in the 


Solomon es, will be as expreſſed in that delineation ; and if the Sun's. 
parallax be leſs than 9“ (as I now have very reaſon to believe it 5). 


the differene of durations will bells accord 87. 


gan 
lain „ M 


ts 
FISK 


** . is $37. * ad; 7 * . * 1 - vv 


The numeral Figs Neher to ke Ape and hs Y a 0 be 
Notes on the Articles. 14 Is * ö 


1 mY! d 0 N 
* 
* 
& + % * FS 
4 
* R A 
3 417 5 . . * 
KG *& + : 4 S's Sa 


CCELERATION of the 
Stars, 1 


ipſes, 3 
Tbeir hed of div wing che Zo. 


dae, 20k 


ntipodes, what, 122. ae 8 XS 


Apfides, line of, 2 $. 


— V ig de Problem for E 


Hrs derive el pro- 
cle the times, Tea 
= t advantages ariſing 


from 1 b in our religious and 


civil concerns, 1. 


ey the laws by which che 
9 move, and are retained. 
n their Orbits, 2. | 


aalen the higher the n 


10 5 | prodigious expanſion, ibid. 
„At's whole weight on the Earth, 
175. 


- Generally thought to be heavieſt 


when it is lighteft, 176. 


ie Without it the Heavens would ap- | 


* dark in the day - time, 177. 
_ ; Taps” of Twilight, ibid. 
It's height, ibid. 
Refracts the Sun's rays, 178. 


: 1 5 ö % Ys 2 
- * 1 * 


* c 


the „ 
y are really below it, 178 
the bulk 


Foggy, deceives us in 
diftance of objects, 185. 
Attraction, 101—10g. > 4. 
Decreaſes as the ſquare of 4 
.. » diſtance increaſes, :806; 
Gren in the larger than i in x the 


ſmaller Planets,, 188. 
Greater in the Sun chan i in al the 
Planets if put te ibid. 


Aves of the Planets, what, 19. 
\ Fheir different poſitions with fe- 
ſpect to one another, 120. 


4 "of the Eerdh > ts Fallot | 


Bodies, on the Earth, loſe of their 


+ weight the nearer they are to the 


Equator, 119. 


How they might loſe all — 5 


wei „ 118. ©. 
How ey become viſible, 167. 


22 0. 


cee, fan rr Acſefied, 
399. 


£3 9 Calen- 


SJ . 


IN D E X. 


e hom to inſcribe the Golden 
the days af y hy ie by Boving 
; ew 
"Cannen-Ball, it's ſwiftneſs, Ly 
In what times it would fly from 
the Sun Aden agg lanets 
u his — < a double 
Star ectipſed by the Moons. 58. 


His Diagrams of the Paths of the 
_ Planets, 138. 


OE e 27 om, 
+ ee Fn and Events, 


Pe Globe. improved, 4015 5 
Centrigetal and centrifugal forces, how- 
they alternately over =” 


other in the mgtions of tf 


* 
or falſe, 223. 


Why they ſeldam agree with the 


Sun if they go true, 228—245. 
Howe te regulate aa Nan 
2 1. E - and a; N 

Line, 225, '22© . 
Cloudy Start, 3 
e {an [nftoumepy) d deferib- 


| Con I antient, their number, | 


ihe number of Stars in each, ac- 


158 ger <iffereng Ae 


1 


Cygle, Solar, Lung, and Romi, 


3#3- 


„ > 
8 * 


2 


Darkneſs 3 at our Saviour” crucifixion 


ſupernatural. | 
| Day, natural op, artifitial, what, 


38a. 


And kite, always _— long 
= - 


at the Equator, 1 
Natural, not compleated in an ab- 
folue turn of the Earth on it's 


| 222, _. 5 
e 6 a ES — 
Digit, what, 3 2 * 


Direction, (Number of) 399, 
Diftauces of. the Planets from the Setz 
55 idea thereoß 99, 

& Tabie thereof 98. 


How found, few anc in the 
Diſſertatiom on the Tranſt of 
Venus, Chap. XXIII. | 
Diurnal and pas 2 Motions of the 
Farth illuſtrated, 200, 202. 5 


Dominica! Letter; 


Double projactile org, a bolence- to | 
a Quadruple power of Groves, 153. 
Moon, 
58 275 1 | 
== . 
Egrth, er Benn buca point from 
from the, Sun, 3. 

Is Diameter; armual Period; and 
Diſtance from the Sun, 49 
| Turns round it Adis it , 
a 3 of it'equatorial Pires, 

ibi 


£5 eren in  angual Orbie- ibid. 
Inclination Mis, 49. 


Pwof of it's being ;globulur, er 


nearly ſo, 495 314. 
Mremen'of Nee 5 30, 
= 


IN D E X. 


ſtrated? By gtavity; oF, IT, 


by Dr. —— 


tions, 113. by the Eclir df 
ve Zatelltes, 219. 
rnal motiom hi Een 
blefrom the abſurdit 25 — 
follow upon ſup it not 
to move; 111 120. and demon- 
ſtrable frorm it's 116. 


this motion carmot He feft, 119. 


 *(wered; 112 121. 
It has no ſüch tlung as am upper 
e 122. in what caſe 


5 it — * of 

Te Civitineſs* its beer in 
Ordit com With the” velo- 
city of lip 5 


* Saran ant atinval” motions 
inlluttratec by am eaſy” expett- 
mem; 2000 
Proved to be leſs than the Sun, and 
bigger than the Moon, 315: 
Eaſter Cycle, 388. 2 
1 (an imm arſe, 


a 1 Jupiter s Samllitotsc bh 


24. they demonſtrate! the- velo- 
d the Yan wag 210 
the San and Moons” 378— 


When * muſk be, 37 a 
oh 85 Their * 1 5 5 


Their Peri 
At A "UM" on hte progres | 


Ads cee of them, 327. 
Hifſtbrical 


. ones” 3288 
More of the Su _ by the 


: a 2 0 Pale e de. 


ctions againſt it's nbtiont an- _ 


the.Longinuds is found by then 


Beſipſes, tie proper erg wr. 


r 


dee . Hig it the 
Horizon every Hour and mi- 
nute. 278. theſe Any gles 


rg 

ſide of Acre Obits, 193: 

and Vehusz f d ſeen 

from the Earth, illuſtrated; 1 42. 

23 n | 

Of Mexeury, Venus; the Earth, 

Mam, and Jupiter; heir On- 
tities, as ſeen from Satutny 4 

8 timet 2 


—— 
there; 1 2 
e 


| Makes Aways thema 
the Ecliptie got, rs 298 | 


the Horizon of the ſami lace 


EquinoBioh Points, 246 7 f 


ferent 
anticipation of the i hr — 


Earth, the one hd ways * 
by the other, 2. 


. N {a 
thew-p 8 e . 


tas or tis, . A 
312—. Excenricitic of che lanets Orbitz, 
20 Wie they _— not in every | 


. ? 'S / 5 . * 8 75 
N * 3 . . ; + £:4\ y 


PFillacies Ae ee 
te ee 
WY applied t6 l ee of 
te Höri Moon, 


58. 


Ey Meridian, what, 27. 
* Fixed Sthrs, 'why' the paper of tes 
8 rf 


- ? 1 g P 7 f 4 * = 
* x ' 4 2 
* ” 4 * « 
bi -. 
« 5 * 47 N - 7 1 £ ' * i 9 


! 
12 


— ig 
® : 
l 


2 4 
etah * ** 5 


— — N 
= as fror as $©I 
— — aer ie 


25 


44 
-7,0wHienah 


.:4 Orbits, 203. 
Decreaſes as — ſcquare of the 
«diſtance increaſes,” 106. ; 
pee the Karth's annual motion, 

© 08416” 011 35 1 2 2 
| Demanſamrdao be grewer-inche 
I ;plarges Planets than in-che ſmall- 
era and. ſtronger in 12 


Man in ul the P 5 
5 eee 202. 16 Gen 101 4 4 hh 
eee. 160. 


4+ 2 1 

4 N 44 14 : *.> w# i . 
ao enoniup- A: 39 a Jin 
0 * 850 S H. 264 : 38 - «45 


Harmony e 


Re Ae, 25 3—29 2 „ 
Remarkable af be Loles Cas, 


- 285. 
+ egos got. ad leaſt ad- 
vs Set i 


_ 
r 

Bei 85 ater Ben ce Clock 
* * afternoon than when the 
as un is on the Meridian, ”_ 


fown-upwind'pand con | 
. antes cher weight, 101, 122 
— 5 the-Planets in their 


4 e 


* 5 E X. 


neee den ® 
8 ce from 


* one Planer's 


neer the Ly. = pdint 
7H the cir true Motions 


Hits e Pan e Wb 
o of — Sa, 1 A, beſt ob: 

at the 193. 

Haas. Circles, 1 1 


Hour of rims aqui 15 degrees of 


bi RR bis thoughts conc rn. 
ing the diſtance © ame Stars, 5. 


B+ 
7 2. A . Ae ; * 8 1 1 #4 
N . 8 
8 q > <A + * . . 


Tnclingtion, of Venus's Axis, "gr % 
Of the Furche 48s. 4 
Of the Axis or Orbir of x Planet 

only aterive, 20 

. of the ee o- 

ther Planet) ſtand on oppoſite 

| hes with r feet ere 


» 54. 2» #4 
THEE £58 * 


8 8 
8 PE F 
. LS + 3 TO 2% VEE GEL NY 
Julian Period, 28. 4 End P 
"7 W. 23 3:30 1. * 


Irpiter, ics di erer. 
eee ions, 67769. 
Tpbe Phenomena of it's Belts, 70. 


Has no difference of ſeaſons, 51. 


7. their g 
72. tbe grad 
their. Orbits — as een 


Earth, 74. moſt of 
them 


from the 


FNDE A 


e 
volution, 5 b 

the ws Labs 1 
it * equatorial and polar Diameter. 


The inclination of us Orbit, and 
7 of it's Aſcending Node, 


The Sun's light 20007 times as 

ſtrong on it as Full Moon light 
is on the Earth, 85. 

Is probabiy inhabited, 86. 

The amazing ſtrength required to 
put it in motion, 58. : 

, * The figures of the Paths deſcribed 

TOY ies Satellites, 269, 


* N 


* 


05 inconceivable ſmallnefs of 
particles, 165; and the dread- 
— milchief hes would do if they 
- were larger, 166. 
1 $ ſurpriſing velocity, 166. com- 
| d with the ſwiftneſs of the 
c rth's annual motion, 197. 


——.— as the ſquare of the diſ- 


. "tance from the luminous body 
increaſes, 169 


| Þ reffacked in eng through 


different Mediums, 171—173. 

- Aﬀords a ptoof of the Eartti's an- 
nual motion, 197, 219. 

In what time it comes Bom the 
Sun to the Earth, 216. this ex- 
plained by a figure, 217. 

Limits of Eclipſes, 317. 


Line, of the Nodes, what, 317; das 


a retrograde motion, 319. | 
Of 23 2 Chords, how to 
make, 


369 9. 
Loxo (Rev. Dr. ) his method of com- 


aring the quantity of the ſurface 
. ed that of. — on | 


Fo 


3 


Los: Ge. Prag hi glaſs. ſphere; 


La oy h found, 2 * 
225 Spots 1255 Lo * 


* 
3 
R ? q © * 
PR 2 * — | , | YET, 7 EC 
68373 » * et 4 
- 1 _ * * 4 
L "I Gre at 8 * " 4 EY” C2 » Dis 
Ni ALES WONT SS OC 367 Ws Ky. * 


Magellanic Clouds, 366. 


Men, of a middle fize, how much 


by the it of the At- 
moſphere, 175; 


is not felt, %% 


ff]. 1 


Mars it's -Diainetes,! *Petiod} Diſ- 
Phenomena, 


"tance, and other 
64—67. 


Matter, it's roperties, 99. 


Mean Anomaly; what, 239. 


Mercury, it's Diameter, F erod; Di- 


tance, Sc. 22. 


: he, he 5 tho ſhapes:'of the: 


Wop it will be heron the Sun, 


Dunn 


The inclination of it's Orbit and | 


"OOO ies Kung! Node, 


Ie 8 — Aenne 1758... 
Experiment to ſhew it's Phaſes 
and apparent Motion, 142. 
Mercury Quickſilver) in the Baro- 
de, why not affected by the 
Moon $ raifing. e in the A 


31 r. 9 
Meridian, firſt, 207: R | 
Line, how to draw one; 226. 
Milky Way, what, 363. 


Months, Fewiſh, Arabian, Egyptian, 


and Grecian, "978; + 
Moon, her 2 and Period . 
85 Phaſes, 53 263 
Shines not by her own- li ight; 54. 
5 Has no es of ſeaſons, 55.. 
W Earthis a Moon to her, 56. 
es ANVCGEE ani 
by MW Moon, 


by this preſſure 


1 M O 1 X 


021 1 ie Ln * 


15 = "nd Kae e . 
r ay- 


of dun. ſet 
org harveſt 
N than wh 


Vans thi er 


Her pod jo tis compa has ee 1 5 
light, 85. bol = 2 8 — 
The excentrici her Orbit, as. — benefit to the farmers 

Is nearer the 


arth now than ſhe 


e 1 3 
g cane P 2 of — 


natygal 775 gether, 293. 


beg to and 
leſs yy oy >" 315. 


5 — nd 
' FX 868, Lee | 
grade motion, 319. 


Her acceleration proved from an- 
tient = as 1. 


Her Ap erigee, — 
ih — — . 


8 


59 4 


9 70 rc | 


fight, 4 


« 


' 


12 e 
FH rome 


top, vf: tha Stang. '2 58, 
1 85 ee 
lengih of bar 8 


. a y ſpot , 
1 | defeat eir Orbita, 133 
1 onde minute - ' andgof of alia Orbis 932 
bands of a Watch," 464. K e ee e 
Her Path dolinested, and ſhewn | 


— 


I beer 
—— Gr — it's Axis, . 222. 


Ne and Full Maos, to caleulste tha 
times of, 253» 


| Newer, 806. — Comets, 
* | "New 


* 


EN DEN 


New Stile, it's original, . 
Nodes, of the Planets Orbits, their 
places in the Ecliptic, 20. 

Of the Moon's Orbit, 3 15. their 

retrograde motion, 319. 
Nonogdf imal Degree, what, 259. 

Number of ny 369. 


* 


Oh, we a miſtake their bulk 
by miſtaking their diſtance, 185. 
"Apple bigger when ſeen through = 

a fog than through clear air, 

and why, ibid. than plied to 

the ſolution. of the Horizon 
wy —— 1. 

Oblique Sphere, what, 137. 

Olympiadi, what, 323, 14... 

Orbits of the Planets not ſolid, 21. 

er e 398, 399. 


2 5 * 7 5 4 


P. 


PIE rag Horizontal, what, 0 
Parallel Sphere, what, 133. 
Putb of the Moon, 265—267,. 
Ot Jupiter's Moons, 269. 
Pendu ums, their vibrating lower at 


the Equator than near the Poles 
roves that the Earth turns on 


1s Axis, 117. 
Penumbra, what, 336. | 
It's velocity on the Earth in Solar 
.  Eclipſes, 3 
Period of Eclipſes, 320, 326. 
Phaſes of the Muon, 258. 
Planets, much of the ſame yarure 
with the Earth, 11. [ 
Some have Moons belonging to 
them, 12. 
Move all the ſame way as ſeen 


from the Sun, but not as ſeen 


from o one ane 18. 


Planets, their Moons denote them | 


to be inhabited, 66. 

The pro rtional breadth of the 
Sun's Diſc as ſeen from each of 
them, 87. 


Their proportional bulks as ſcen bk 


from the Sun, 88. 
An, idea of their diſtances from 
the Sun; 89, © 
| Appear bigger and leſs by turns, 
and why, 90. 
Are kept in their Orbits by the 
Rove of gravity, 107, 130 


Trude motions very 2 as 
ſoen from the Earth, 13 
The apparent motions of 
and Venus delineated by Pencils 
in an Orrery, 138, 
Elongations of all the reſt 15 ſeen 
from Saturn, 147. 
» Delcrideequalares inequaltimes, 


The bene of their Orbits, 


In — 2 times they would fall to 
the Sun by the Power of gra 
vity, 157. 
Diſturb one another's motions, the 
_ conſequence thereof, 1 
Appear dimmer when ſeen 
teleſcopes than by the bare eye, 
the reaſon-of this, 170. 


2 Globe deſcribed, 402. 


Polar Circles, 198. | 
Poles, of the Phanets, what, 19. 
Of the world, what, 122. 5 
. Celeſtial, ſeem to keep in the ſame 
points of the — all the 
| year, and why, -1 
Projeile " Force, Lf 47 doubled, 
vVvould require a quadru le. power 
of gravity to retain the Planets. in 
their Orbits, 153. 


Is evidently an impulſe from the 
* hand oft the ALMIGHTY ». 161. 


Asa 1515} bed Pre 


80 w hat, 
Sydereal Time, - 


ber o — Days in 
— — — 
22 why, 222. 


meide for regulating 
* Ems 


0 al Dey 


2 in Ditrmtten 


ſurpri 
Mut be al bo ns. 
+, tollywiag 


* 2 l e ; 


Right hers % 14 Oe 


| n the times. of their 1 
. their 3 


d with each 


* 


15 re = Wo | 
ng 222 1 302. 2 E 
vat diſtance 


from the 
3 — = 8 EZ ac the fe 
Shine b 
other worlds, 8. 


"= the 515 A Catalogue of them, 364. 


52, | 
5 grophecic: year of his Cruci- — of them change their places 
b nt found to: agree with an 367. 
„ ateqnomical 9 395. Starry Heavens have the ſame ap- 
| pearance 


1 

* of 

* 

22 
12 
2 
A : 
a 
= 
#3; 


* D * - 


S 
Tonne round his Axis, 18. 


* 


* 


* tional breadth as ten 


different Planets,” 87. - 


Deſerve unequal arcs above and 
below the Hotizon at different 
times, and why, 130. 


His Center the only place from. Of the E 


which the true motions of the 
Planets could be feen, 135. 

Is for half a 

at each Pole in it's turn, and as 
long inviſible, 200, 294. 

Tv nearer the Earth in Winter 
chan in Summer, 204, 


wn his motion agrees fo ſeldom 


with the motion of a well-re- 
gulated Clock, 224—244. 
© Would more than fill the Moon's 
- Orbit, 271, 
| Prove to be much bigger than 
the Earth, and the Earth to be 
bigger than the Moon, 316. 


| Syſems, the Solar, 17 
Ptolemean, 96; the 7 e 


97. 
T. 


Table of the Periods, Revolutions, 


- 


Magnitudes, Diſtances, &c. of 

che Planets, facing 5 99. 

Of the Air's — com reſſion, 
and expanſion at 
heights,” 174. 

refractions, 182. 


For converting time into motion, 


and the reverſe, 220. 


- For ſhewing how much of the 


celeſtial Equator paſſes over the 
Meridian in any part of a mean 
Solar Day ; and how much the 
Stars accelerate upon the mean 


; 4 


. Ed X F PORE > a. AS n — 
„ 


Tab of che firſt part of the E qua- 


year together viſible 


ifferent 


Solar time for i ab, "ta; 


tion of 2 "OR of the”. 
ſecond pa 
Of the proceſſion of the Equinox, 


'Ofthe length of Sydeteal, . Julian, 
and TER Years, 251. 


of natur 


Of the Carp eons of fie hw 


and minute hands of a Watch, 
264. 


Of the Curves" deſcribed by the 


Satellites, 272. | 
3 1 in the 
oon's r ſetting on 
the 2 London every 
day during her courſe round 
the Ecliptic, 277. 
Of che returns of a Solar Eclipſe, 


3 Of Eclipkes, 3 
27 7. 
New and Full 
1 and Eclipſes, following 


333. 


Of ide Conſtellations and num- 


ber of the Stars, 362. 
Of the Jewiſb, Egyptian, Arabic, 
and Grecian months 37 
For inſerring the Golden 8 
bers right in the Calendar, 0 
Of che times of all the 
Moons for 76 years, 387. 
Of A ras or Events, 


ofh the Golden Nether, Num- 
ber of Direction, Dominical 


Letter, and Days of the 


Months, following 396. 


THaLes's Eclipſe; thy © Py 
Tuucypipzs's Echpſe, 3 x 
Tides, their Cauſe and 3 


. Tide- 


1 2 5 bo 1 5 + | bs EST do. one 1 8. 

Nite, none in * * 2 54- 
_—_—_ ENS Mme * 

| Univerſe, ihe Work of Almighty 


27 | Power, 5, 161. 


. Upper or under fide of the 18048 
ſuch thing, 123. 


v. 
1 with the 
in it's 


ns 7 locity of Light com 

25 velocity of the 

c | annual Orbit, 197. 
he | | Venus, her bulk, 5 period, 

. length of days and nights, 26. 

3 £ Shines not by her own light, ibid. 


28. 
Her Axis, how ſituated, 29. 
Ee. | r |; Phenomena, 29— 


1 5 "T he inclination of her Orbit, 45. 
> | When | ſhe will be barns on the 
Sun, ibid. | 


1 * 
* b i #* 


Up and decon, only relative terms, 122. 


Re” | Is our morning and evening Star, : 


"Ras how! it may 
known if fe bw has. 2 Sale. 


Moon, 23, 141. . 
An experiment to ſhew her Phaſes 99 95 
and apparent een 141. 5 


vie, how ee, e 


Weather, not hotteſt when the Sun 7 
is neareſt to us, and why, 205. | 
Weight, the cauſe of it, 122. 

World. not eternal, 164. 


. | 
| . F 
. b » v 
- 


Year, 379. Great, 251. Tropin, 
371. Syd ereal, 372. Lunar, 85. 
Civil, 374. Biſſextile, ibid. ; 
man, 376. Fewiſh, Egyptian, Ara- 
bic, and Grecian, 378, 379. how 
long it would be if the Sun 


1 round the Earth, Ads: : PR 


Zadiac, what, 
How divide 5 the antients, 361. 


Zones, what, 199. 


3 8 | Prana 1 — 


8 5 * * * 11 3 / 


{ fronting 


| 0 fab 6 2 * 
3 n 2 2 * * Be 
FOE «. 
a __— — 2 —— — 
IE Og ———— 


| % — cow: 265 


=. DIRECTIONS to the BOOK BINDER. 
WE | The Onneny Pratt is to front the Title Page. 


PLATE X — fronting Page 159 

XXI — 185 
: XII ; — 237 
XIII. — 297 8 
61% 

1 XVI n ]—˙»(——— 39 


— - 


— 


— 


933 % 
4 — 
. 2 


* 


1 
. $74 1 
Y * * 
+ X : ] 
4 ; » bs * 5 
o L FSA 4 
> 4 8 - 1 
9 y ax 
"ey Cog ww. WEED 
—— PF 
* — ———— — 2 


. 
Appears in all the Shapes of he. ST 


. — OaLT 


